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REMARKS 

Claims 3. 1 1 , 12. 13, 14, 17, 18, 19, 20, 22. 30. 31 , 32,; 34, 35, 36. 44, 47, 
^ 48, and 49*have been cancelled. Claims 37-39. and 40-43 have be6«i am_ended. 
' New^claims 50-5'7 have been'added, Claimsjr2* 4-1 0£15-1J,.2J. -2359. 37-43, 
and 50-57^are Tiow pendlog in'the application. No new matteijsas toeen added 
<.by amendment. -^Reexamination andUceconsideration of th^ claims: as amend,gd - 
are respectfully requested. " ~ —"'^^T' 

-Claim Rejections - 55 USC § ,1 1 2, second paragraph" " ^ - - 

The Examiner rejects claims 3,-11-13. 18-20. 22, 30-32, and 47-49,under- 
35 U.S.C. 112 second paragraph, .as being- indefinite for failing-. to particularly " 

- point out and distinctly claim the*'subject matter which applicant regards as the ^ . 
invention. The Applicant traverses the rejection. . . • " 

- The Examiner rejects lilalms 3 and 22. Claims 3 and 22 have been. 

-~ cancelled. - 

The Examiner rejects claims 1 1 and 30, and dependent clainis 12-13 and 
31-32. Claims 11, 12, 13, 30, -31, and 32 have been cancelled. .., . -- . " ^ 

- The Examiner rejects claims. 1 8 and 47, and dependent clairn.s-<1;9-20 and 
48-49. Clalms18,'l9, 20^ 47, 48, and 49 have been cancelled. " ^ ^ 

. The Examiner states that the dependent claimsxited in this rejectioo^fail * ' 
to further limit the claims from which they depend. The Examiner suggests that 
the claims be placed m a product -by-process format"* New claims 50-57 reflect.. 
that suggestion. The Examiner also suggests that the claims .should be drafted 
^ in terms , of methods of making a plant 6y comprising transfomjing the 
e><gmpllfied plant of claim 2 or 21 . New claims 54-57 reflect that^suggestion. „. 



. Claim RejecrtionS- 35JJSC§ 112, first paragraph. ^ . < " 

The-ExaminerTejects claims 3, 9-20, 22, 28-32, 34-44 and 47-49 under 
' 35 U.S.C. 112, first paragraph, as containing subject matter which was not 
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described in the specification in such a way as to reasonably convey to one 

signed, in the art that the inventors, at the time the application was filed, had. . 
^possession of the claimed invention. The Appjicant trayerses the rejection.-- 

Claims 3, 1 1. 12. .13, 14. 1 7, 1 8, 1 9r 20, 22^ 30. 31 ,^32, 34. 35. 36. 44j^7, 48. 

and 49 have been cancelled. Claims %7, "38;'. 39, 40, 41 , 42r and 43 have beferi _ 
"^am^gnded. I^ew claims 50-57'have been added. - — . " _ 

The ExamihelTrejects claims 11, 15=16. 30, 34-35 anb th^ir .dependent 
.claims and states that the claims-"are broadly^ drawn to any .tr^sgenic plant 
which contains any heterologous transgene of any sequence conferring,any trait,..., 
and methods of malting and using the transgenic-plante." The Examiner rejects 
claims 3, 18-20, 22, and 47-49 and their dependent claims -and states that the 
claims "are broadly drawn to^any 'single gene' conversion' pl^^ot comprising one... 
or more traits including male sterility introgressed into- the claimed variety by . 

- backcrossing or other traditional means, and methods of using these- plants." 
-The Examiner states that "no guidance has been provided.-for the iatrogression-- 

of any single trait from a multitude" of non-disclosed and uncharacterized- 
""-parentals into the claimed variety, wherein said introgression should result in 
successful expression of the desired trait but should not interfere^.vylth the 

- . • expression of the remaining traits whose combination canfets patentability-to the. 

^instantly exemplified variety, and" which introgression should not -introduce 

- - unwanted linked genetic material into the exemplified cultivar which -would disrupt ^ 

- . ' its patentably unique ' genetic complement.""^ The Examiner^glso- states that 

- - clairns are "broadly drawn to any transgenic plant .^which ^eontains any^- 
_ - heterologous transgene of any^ sequence conferring any trait^^nd methods^^bf 

^ - jpaking-or using the transgenic'^plants." The Examinerrstatesjhat, "Na.guidapce- 
has been provided for Ihe description>"or charactejization of a^multitude-ot 
heterologous coding sequences conferring*a multitude of traits." - „ 

Claims 3, 1 1 . 12V f3, 18.J9,^2a 22, 30, 31 , 32, 47, 48, and 49.have been 
cancelled to place the claims in the method ^and product by method^format 
requested by the Examiner New claims 50, 52 54 and 56 are^ drawn to 
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methods, while their depending claims are drawn to the products produced by , 
those methods. The claims include the well l<nown methods, of pr;oducing 
backcross and transgenic conversion plants. The product by proc^ss^claims are .-^(.^ 
- further limited by specified conversion or transgenic traits, wh]6h include the 
t3 traits of insect' resistance, herbicide resistance, disease resistac^ and ma^^- 

- - ^ "~ - sterility. ^ ^ — ' -> - " _ ^"^^^ ^ 

* " - While the Examiner states' that the cliims encompass "any transgenic t "3 
' plant which conteilns any-heterolbgous transg©ne'of.any sequeDce^conferrir^g.^T^r' — 
" ' any trait", the. Applicant -points out that itTs not claiming soJ?roadly as to clalrR,=,_-^ 
• ' ^ any maize plantrregardless of source, comprising those Jraits.- The Applicant is ^ 
^ ^ .claiming PH6WR or a limited set of plants derived therefrom that have otjfelned „ _ 

"' I " . ' significant genetic contribution from PHJiWR. " ' ^ui,r""' 

, * ^ Applicant has made all enabling-deposit of PH6WR with the ATCC^-and- 

'V ; the Applicant is seeking a fairscope of protection as the quid pro quo for. the . r 

teaching in the specification and^the deposit of the material, .The Introgressjop. of.- . . - 
ojne or' a few genes, into a genome that is^ estimated, to have over 50,000 to, - 
80,000 genes (Xiaowu, Gai et aL. Nucleic Acids Research, 2000,-Vol: 28, No, 1, 
• ^ 94-96) is a minor change to^PHSWR and will hot prevent one ol-^kill in the art ' 

n " from identifying the plant as being derived frpmPH6WR, „.ir»- ' - ^ 

Applicant respectfully points.ou( that exa * 
traits that can be backcrossed into the PH6WR are given in the application on _ ^ 
T page 21, lines 16^34, and also-on page 23, line 20, through page-33, line ^- In 
-\ order to expedite prosecution Qgw^ claims 51 and 55 list-the type.->of traits that _ mr:_ 
" / _ * may be conferred by-backcross conversions and transgenes. *Clajm 51 also- _ . 

..^ -^specifies Jhat PHBWRns ased at least twice* as a. recurrent parent- in- the / - t 

development of a backci^ss"" conversion plant. Bjgeders, by^. using molecular-^ 
markers, may obtain up Jo 98% genome identity^ betwee^- the _ backcross--^ _ ^ 
conversioQ and^the recurrent parent after two'^backcrosses. See Marker-assistj^. ' - 
Selection in- Backcross^ Breeding, Openshaw, SJ, et al. 'MaSer-assisted ^x:^;:,.. 
selection in backcross breeding. In: Proceedings' Symposium of the Analysis of 
Molecular Data, 5-6 August 1994, pp. 41-43. Crop Science^Society of AmeriQa,v ; 



12 



Received from < 515 334 6833 > at 2/28/03 11:32:22 AM [Eastern Standard Time] 



p2/2«/03 FRl 11:36 FAX 515 334 6883 



PIONEER HI-BRED DSM 



il020 



SN:09/758.85d 



Corvallis, OR (1994) included as Appendix A . Inbred PH6WR transfornned ta 
comprise a transgene is also easily identifiakJIe/j^hrough the use - of molecular 

%narkers- The transgenic version of PH6WR wouldj^have the same moleculgr;^ 
profile as PH6WR, with the possible, exception oLa marker used injhe 'profile 
"fiat is located at the site of^tjansgene insertion. However,1n this-case, the 

_ plethora of othefldentical markers would identify the line^as a transgenic <yariant 
of PH6WR.-- ^ ^ - ' _ _ — ' * * 

Applicant points out^to the Examiner that, at- the" present time, it^^ls not <^ 
- typical that^a-transgehe be incojporated-into each'newly.djeveloped line, swch as 
PH6WR, by direct transfomiation. Rather, the marelypical methodrused by^ 

' breeders of ordinary skill in the art is to incorporate the transgene intp^a new line _ . . 
by taking an already transformed plant line and using itras a donor line to . .. r - 
produce a backcross conversion. Thus, the well established 'method ^of. 
backcrossing has been used and is the most common means of. iQtrogressing- - . 
the claimed traits into new materlaL 

In "the specification on page 4, lines 7-13, it states, "Backcrossing.can be 

" used to.transfer a specific'desirable trait from one inbred or sol^jc© to an. inbred - 
that lacl<s that .trait. This.can be accomplished, for example, by fir^t^jprossing a 
superior inbred (recunrent parent) to a donor inbred (non-recurrenj: parent), that_ 
carries the appropriate, gene(s) for the trait in question. The_^rogeny of this ^.. ^ 
cross is then mated back to the superior recurrent parent followed by selection in 

--Ihe resultant progeny for the desired trait to„ be transferred -from thejnon- 
recurrent parent," The method,of backcrossing genes into an inbred maize-plant 
is wet! known and well understood to one of ordinary skill in tfie artr The method 
has been successfully used sinee the_1*950'S'(see pages 585-585^of W^gh^QSa- 
included ih the Infonnation Di$'clo^u7e .Statement); - In the specHlcation, on.p|yge 
21,4iries 16=347 there is a descnption-of how to backcross-tEaits into-PH6WR,^'^ 
^ which includesThe d'aim^J traits. Examples of how prfe of ordmary-skiil in the jrt.-^ - 
can transfer a gene conferring a qualitative trait into a variety through — 
backcrossing Is demonstrated by the fact .that the commercial market now 
distributes a multitude of products produced in this manner. Such conversion- 
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lines are easily developed without undue experimentation. Poehlman et, al. 
(1995) on page 334. submitted in the information disclosure statement, states 
ihat. "A backcross-derived inbred line fits into the same hybrid comblna^on^as - 
:Sr the recurrent parent inbred line and^a)ntributes-the effect of jhe additional gene 
-^dded^hroughlhe backcrossi" Wycfei (1988)' on page 5g-86,.also'submjttedjT^ 
the Information* disclasur© statement, discusses^ how the male, sterility trait is 
ro.Otlnely_backcrossed"lnto an inbred linje and. how this is us^,to produce 3 ■ 
sterile/fertile blend of an>F1 h'ybrid in order to reduce 8eed:production costs,_ln ' 
' factrmany commercial products are produced in t^is .manner, and those of 
oixlinary skilUin the art consider the F1 hybrid produced with the .male sterile, 
(backcross conversion) inbred to be the same variety a?rthe F1 hybr]^ produced J 
with the non-backcross conversion inbred. " <3C. . 

As a result of . the repeated use of the recun-ent pareQt, the backcross 
conversion has many genetic alleles in common with the recurrent parent. Thys, 
genetic analysis may,., be used aS a means of identifying -the backcn3S5 
conversion. The Ft hybrid made jwith a transgenic version- or a ^backcross . 
conversion of PH6WR is a|so identifiable by the use of genetic mjrkersr because 
the hybrid would contain one set of alleles from each parent. -^The^gxaminer 
also states that the Applicant ha^s not characterized pa'rentals,,. Applicant, 
- respectfully Sisagrees. In a backcross conversion the -deposited material is 

repeatedly used as the parental line.^ ' " ... .1 

^ The Examiner rejects Glijins 9-10, 12-17, 28-32, and 34-44 and states- 
that Jhe claims "are" also btt)adly drawn -to any plant proSuced by crossing, the 
exempTlfled with any of-a ^multitude of_ non-exempirfied plantsr or any 
.-^-descendents^fthe exemplified culti^ar obtained byj^sing.tbat cultiyar^as one 
^ - parent in "a series of undisclos^ crosses "for an. uiidisclosed 7fumber_of 
'^generations and witb..un%closedZbreeding partnere." - „ ^ " ^ 
The Examiner rejects claims C 10, 28, and 29, that claim the F_1 hybrid^ 
seed.and F1 hybrid plantTnade-with PpyVR as a parent. Applicant notes,Jhat a" 
claim to the F1 hybrid made,, with a deposited inbred vyas expressly 
acknowledged without resen/ation by the United States Supreme,.Court In J.E.M. 
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Ag. Supply. Inc. v. Pioneer HhBred Int'l, Inc.. 60 USPQ 2clJ 865. 1873 (S.Ct. 
- 2001), when the Supreme Court wrote, ^.. a utility patent.on an inbred -> 
protects the line as well as all hybrids produced by crossing-that inbred vvith 



- ^ - -^.another plint line." Further, ohe ,ot.ordinary skill in the jrt vyould-know how to 

cross PH6WR with anothecmaize plant. The^FI hybrid saedrand plant^produced ^ 
Ijf'sing RH6WR, regardless of the otlrer maize plant used. Is identifiable because'.^.. 
- it'will have one set of allele^^GOfhing from PH6WR._0ne of qrdlpary^skill in the 

-art would be able'toTiin-a jnolecular profife on PH6WR and the l^^ybrid and be.^. 
able to identify ihe F1 hybrid as^being^^produced from PH6WR-, Segd pericarp - 
tissue, which is solely maternal In origin, can be used to discern the,matemahor 
paternaLorigin of the-allele^sets'if ,necessary. See page 16..of Poethigr^?.S. 
' ' '1982; Maize, the plants and its parts. In: W.F. Sheridan (Ed.) Maize -for 
_ Biological Research. University of North Dakota Press, Grand Forks^, ND. pp..9- - 
^ 18, submitted as. Appendix B , - - -r- 

' As stated In the specification on page 16, lines 8-23r there are'many^i'^ 
laboratory-based techniques * available for the analysis comparison - and - 
characterization of plant genotype sueh^as Restriction Length Polymorphi9rp.& v M 
(RFLPs) and Simple Sequence Repeats (SSRs), Such techniques may. be used ^ 
to Identify whether or not*PH6WR'was used" to develop a hybricl^,. The. Applicant-^ 
also" submits to the^ Examiner the journal article by Berry.:et al, (2002). This 
article discusses the probability Qf ideritifying the parents of the hybrid -ipy SSR^ 
data when neither parent is-knovsm anS without the use of pericarpj^TialysiS; *A . 
^ ^ oopy of the article by Berry et ah is attached to this Amendment and Request^for • - 
Reconsideration as Appendix GT The results of the -experiment^shbwed that 
^ , - using 1 00 SSR loci markers restiftedjn correct parental ranking. of jab^eds^for 53, 
- out ef^4 hybrids.. Applicant also points out that anyTfgeder of ordinaiy^^Rimn 
_7 ^the art will know thejdentity of both^parents used to produc^, hybrid - ^ 

— " -The Examiner rejects claims 12-17*^ 30-32, and 33-44^ .Claims 12-14, 3^0-f" 

32, 34-36,<:^and 44 have been cancelled. Claims' 15, 16. 28, and 29. remain'^^ 
pending and are to methods of developing a maize plant through the utilization of- 
PH6WR. Applicant points out that anyone of skill in the art would know how to-- 
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utilize the well established breeding methods with PH6WR. Description of such 
' Xjpcurs throughout. the specifi^^ and descriptlQO^ can also be: found in ^-^^ 
introductory plant breeding^bpoks. Claims 40-43 rennrain^pending and have beenr^c 



S^^mended. Claim 40 is tgithe^method of producing>a first generatiQCbPHeyVR' 



^ derived hybrid m9ize^j)lant. Applicant believes the g^ent. office -has-previbusly^ 

- indicated this claim scqpe^as^alloWable and requests that this* reiectien ;;be . ^ 
withdrawn. Claim-4 Us to^the first generation"PH6WR-derived hybrid""maizi;plant^ 

^ produced by the-method of claim 40. The first generatian hybrid, or F1 hybrid, is ^* 
. identifiable through both breeding records and molecular macfeer techniqijes^as , 

discussed above. Claim 42 is to the method of selfrng the first generation hybrid 

PH6WR for successive filial generations^ " This is a basic and ^well i^pown 
^breeding methodology, and the use of this- methoaology with PHgVMR is 

described ln.the specification on page 21, lines T to 15. n . 

' . Claim 43 is to plants derived from claim 42 that have at least 50% of their-- 

genetics derived from PH6WR; These claimed plants-are clearly-described by 
' their method of production^ whieh^reciuires the use of PH6WR. Such plants must.. 

be produced through: the use of PH6WR and the Examiner acknowiedges.thatcw ^. 

PH6WR is cleariy identified. J^urther, Applicant has added the limitation of at 

least 50% inheritance from the.PHSWR side of its pedigree to" further em.phasize* 

- the significant influence of PH6WR in the claimed product. Genetic inheritance 
has* been accepted by both courts and governmental agencies as aj5;;acc.urate 
and reliable .means_of identification. -In pjaternity cases courts r-outin.ely compel 
genetic -testing of putative fathers to establish paternity, ..-and- -federal law 
mandates that states have laws requiring that-geneHc test jesurts be admisslble^^. - 

'in such cases* without-the nec#sjty-for foundation testimony-or other proof. «42 ■ 
-U,S,C.-666(a)(5)(F)(iii)(^upp. V 1999-). In such cases, a child will,^njverage,.r . 

inherit 50VO' genetic contribution4rom each^parent." Similarly, tjne plants, producedp^jo^^^ ^ ^ 
" by the method'of claim 42 wiltalso, -on average.^inherit 50%.geneticrcontribution .^r. ^ 

from ^ach parent ' " 

Applicant requests that the Examiner examine the sufficiency of J" ^-- 

description of claim 43 with altof its claim limitations, including thejimitation that . 
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the progeny be produced by the method of claim 42, with the use of PH6WR and 
' retaining at least 50% genetic contribution from PH6WR. , 0ne^ of ordinary skill in 
the art would know how to cross PH6WR to develop an F1 hybrid and)al§o how 
^ to s^lf plants "derived from the "cross with PHeWFTJn 5x paA?e /^r^^^^^^ c "' 

- .2d l234lg:P.AJ.-19&4). the^BdaTrd of Appeals stated 
°" " ^ - under the first paragraph of 3'5~U.SiC. .1 1 2 does not f^ulre literal, support for4he 
_ ^.claimed invention? Ratfiir,- it is sufficient if the originalljr;:filed disclosure would^'' 
have conveyfd to one having ordinary skill in the_ art that an apRgllant hab' 
" ^ _ possession of the concept of what is claimedj Emphasis B(ided.^-\nJ.E,MMg.^ 
" ^ * - • Supply, the Supreme Court also ackn6^^rtedged the value of a neyxlyrdeveloped ^ 
^ line in further breeding.-when it stated that, ".^.a breeder' can use aH^larit that is^. - - 
t protected by PVP certificate to 'develop' a new inbred line while be-ca'nnot use ao. 

^ plant patented under §101 for such a purpose." Id. at 1873- - ^ ^ ' " - 

The Examiner cites Jhe Federal 'Circuit as stating that:: tfie* written 
description of an invention "requires precise definition, such^^gs- by structure,^ 
-formula, [ory chemical name, of the claimed subject mafter'.sufficient to^. -^^ 
^ distinguish it from other materials." University of California v. . EliJLilly and Co., _ • 
. TTq F.-3d 1559, 1568; 43US?iPQ2d 1398. 1406 (Fed-^cTr. 19§7)r:.The Applicant 

has fulfilled this written description requirement through the^^seed deposit of-.. ...r 
* PH6WR. As described in the specification, -lines 8-23 on -page -16, the seed - 
deposit allows one of ordiniry syi to run a molecular" profile of PH6\Q/R; 

. . ' ' ' Applicant submits the molecular profile of inbred line PHSVyFTJath© declaration^. :^r*S 

„ of"Dinakar Bhattramakki attacTiecl"' hereto ^as Appendix D . Further- Applicant- 
" "^^^ ... amends the specification to^include-such-SSR profile. .Such SSR profile«is not. . 
- _ new miatter. asJt is an Inherent feature of -inbred line PH6WR, aiepr^entetive„. --^t^-^^ 

sample'of which has been degpsited^lth tine ATCC. ^For example,-,$e^-Ex parte^r- • 
^ Marsili, Rdsetti, and-Pasqualucci. 214 USPQ 904J1972), irTwfiibh theJ?jatentand ^. 
Trademark Office Board of Appeals held that Jt was not new mattfer to amend the_ . -"^ 
^^tructure of a compound when a mpre-refined analyticT investigation showed a-^ . -^.^'^^^^ 
corrected formula. The Board, relying on well established-cases ol^ In re Nathan . ; "7:^ 
et al, 51 CCPA 1059. 328 F.2d 1005. 140 USPQ 601 (1964); In re Sulkowski .- 
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487 F.2d 920, 180 USPQ 46 (CCPA 1973); Spero v. Ringold, 54 CCPA 1407, :{ 
377 F.2d. 652, 153 USPQ 726.(1967),- and Petist et-^K v. Rennhard et a[.,^3 = 
CCpX 1452, 353 F. 2d 903, 1 50 USPQ 669 (1 966) concluded^that thej'praducts i T j^.- 
^^^Tdescribed. exemplifledc^and diimed by Appellants inheEently had and'%ve now"~ - - - 
■^^"the structure- given irTthe'amendment In ques|,pn. ^C6nsequently,..t.h^hanges' - 
^ -made in-thls amendment-do nofcbhstitute new matter^vMareHi at-906. Similarly, 
— in the present case, inbred line PH6WR inherently hadsand stilf hasJtiB. SSR— — _ 
-marker profile being added. On'e-of ordinary -sl5ill in the art earn, use molecular 
„ - ~ markers""to identify PH6WR, a -.transgenic version. , of PH6W.R, a-backcross - 

conversion of PHeWR and , the El plant of the transgenic version and backeross . ..^ 
■^1 conversion of PH6WR. _ * , — — • 

£ ■ The Applicant would" also like to point out that 'the specificatipji^-also 

identifies 'PH6WR with phenotypic descriptions. Various examples of breeding 
methods, transgenes, transformation procedures, and 1=1. Jiybrid.pfoduction are .,, - 

given in the specification. The mean values of traits for numerous F1 plamts, - 
wherein PH6WR is the parent. and other numerous maize plants are the second v.. 
parent, are given in Tables 3A-3C, pages 44-46. Table 4 contains meafi -values 
oftraitsto aspeclfic Ei wherein PH6WR is a parent." _ . .. ' ' k: 

The Examiner also stated, in reference to Lilly, that, J^he^court also 
concluded Ithat 'naming a typte of material generally known- to exist, in the 
absence of knowledge as to what that material^consists of, is not a,description of ; 
' that material.Jd." This is. not'the case here. Applicant-has created ^novefr-line _ 
; and seeks a"- scope 'of protection that adequately prbt^ts the-rinvention. , . 
Applkiant believes that the derivatives, variants and closely- related progeny 
- ^--^easlly and" routinely^-created by" use ^ot, this newly deveiepe^ line are.. - 
' T^encompas^ed within the-.scope' of'the invention of , the.' variety ifself.. -Thes§^- _^ 
~ "derivatives, variants and closely related pnagbny .derive direct anS sui^sjaatial -- -. 
^ - benefit from Applicant's work and deg^iveTo be Included within the-|Cope of the .. 
■* claims. Thus, the issue here is patent scope around'what has already ..feeen — 
' created (and deposited) by Applicant. The fact-that the progeny have not been 
created does not-prevent them frcim being protected In this manner. As stated in 
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: MPEP 2163 (3) (a), "An invention may be complete and ready for patenting 
before it has actually been reduced to practice." . ' . v 
: - - . In Enzo vs. Gen-Probe, JU.^S. State Court of J\ppeals for the FederaUj:^' 
Circuit, 63 USPQ^2d Ij6p97the court reversed'its prior^^ecision regarding^e"^' 



" rffsufficiency of the "deposited genetic probes to meeMhe writtein description,^. '^■<^Z 
" liquireirient. In so holding.^h^court stated, " As thS"dip.osited sequence$,are — . 
^ - about 850^8500^ and 1300 nudeotidesJong-.Jrihere are "at JeaatJ»un^^^ 

. " subsequences of the deposited sequences, an unknown number-ojL^hlch might -ar^ 
■ - - also meet the claimed hybridization ratio. Moreover, Enzo's expert, Dr.. W.ftmur, _ — 

."^ stated that 'astrctnomicar numbers of mutated variations of the deposited r^«. 

' ""^ sequence also fall within the scope-of those claims, and that ^ - - 

" * scope is necessary to. adequately protect Enzo's invention from -copyists who - . 

could otherwise make minoPchange to the sequence and' thereby avoid n:^. - 
infringement while still :..exploiting 'the benefits of Enzo's invention. T The j- .::: 
defendants assert that such breadth is fatal to the adequacy of the-^varitten ' 
^ description. On the other handrbecauseihe deposited-sequencesjare described,. . i* 

* - by virtue of a, ^reference to their having been deposited, it may-welh;be that " 

various subsequences, mutations,* and mixtures of those sequgnces^re also ^n,. 
described to -one^of skili in the art. We regard that question as an /issue of 
fact::.." : " * 

:» The issue of whether-the progeny as now claimed satisfies the written - - 

description- requirement is also an issue of fact! PH6WR is ^.unique inbredras- 
evidenced by the morphologicai'and" physiological traits given in Table- 1, pages 
18-20. of the applicatlohr Routinely used molecular techniques^ discussed oq>v.. 
.page 16,4ines 8-23 of the application'; can be used to verity wJiethafePft6WR1s^ ^ 
.within the pedigree -of a claime'd plant. One.of ordinary skill in the^aRfr'Wo'ulcl also .*^\ - ' « 
know from breediriQ^^cords if PH6WR were -utilized m* the .develo£mient"of a " ^ 

claimed plant. " ' 'J^- ^^^ir^ " ' 

As stated in"' the- written description guidelines "an applicant shows 
possession of the claimed invention by describing the claimed- invention with all - - 
its limitations using such descriptive means as , words, stnjctures. figures, ..j. - 
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diagrams.- and formulas that fully set forth the claimed indention. Possession , . 
may be shown in a variety of jways, including... by. describing.;dlstlngulsh|ng 
identifying characteristics sufficient to show that *e applicant was,;^ posjession 

.of the claimed^inventlon." 1255 OffrciaJ Gazette 140 (Feb.^,„^p02). Pheno^ - ^r, 

"triits are. used Jn the text^oCtffe specification. Geneijc^and other. molecular^ ...-f^ - 
profiles' may be obtalh'ed from the deposit. ^Onpe a litfe Jsjdentified as. beiag-^ ^ 
PHeWRrone'ofrordlnary skill in'the;art.would-also easily be able to defecmine 

" which progeny.they develop from that line fall >j»lthinJhe scope of the claim^-^ ^ 

Within 'the-plant.J>reeding arts breeders use pedigree.. as a m^^^ ... ^ 

characterize lines in referenoe to their pro^enitofsr'lt is unamblguoupnd easily - .r,. 
traceable through breeding- records^ that" are maintained . by any breeder„.of ^- 

" ordinary skill innhe art. It indicates that aJinefe>wer "crosses away from a starting 
line will be. as a whole, more highly related to the starting line. .Thus^the work.pf . * - ' , 
the original breeder in developing the.starting line will be retained In the^ffbsely ' 
related progeny. More specifically, traits and .linkage groups-present in .PH6WR -- 

' will be retained in progeny that are within one outcross from Py,6WR. . Applicant ^ .- . 
submits that characterization of -the progeny of PH6WR by virtue .of their.. filial- - „. 
relationship is a clear and acceptable meaps of identification. Not only are filial " w„ v - 

descriptions used by breeders to -evaluaite materials for use in their- br.eeding — 
programs, but it is- standard' practice within the plant breeding -industry for. - 
univereities and companies that license Inbred maize lines to retain a . royalty - 
from lines developed through. tfee use of their jnbreds. Those royalties arej^in.- 
almost atl cases, based on the filial relitionship between-the.licensed„lnbred 
used in Breeding and the" progeny line commercialized. fThis islfurtber-evidencen 

^thaj those'of.ordinary skill in'the art-afjolant breeding descrihe progeny in terms---- 

^ of pedigree-and find it-an acceptabletneaDs of_characterization. ^ -• . 

As noted-fn the specification, -the*development of an inbred linejs a timer": - 
consuming and labor intensive activity. On average, betweeTr10,00ato^20,000 
lines are created and- screened In order to develop-any maize inbred line for . 
which the Applicant.files a patent application. Once developed, the inbred line is, 
useful for two purposes: (1) to^make commercial hybrids, and (2) as.a,source of j 
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. breeding material for the development of new inbrefis that retain the original 
inbred's desired characteristlcs.^'A breeder desiring to make a line^with similar.jf 
traits to PH6VyR would be greatl J. advantaged by being able to use RHSWR as -'i^^ 
~_ ' starting material. This is because the" United genes arrangedsthrough Applicantis^ - - 
- 1^-£ breeding efforts, and fiked lnJ*H6WR, can be^aintaii^d In the_p.cogeny=of -r^^ " 

~ PH6WR by-a bre'ederof ordinary skilljiv^he'art. ' The end .tesutt =-is the,-- _ 
^ ~ ' developTnent of an inbred'^inewrth substantial benefit frdni the ApplicanJ^s work. -^"ya'" 
~- . . PH6WR-derived~p.rogeriy are described" by the fact that PH6WiUs.u^^^^ ' 

- -> in a breeding program to make the PIH6WR-deriyed progeny, PHQV\(R_.gives 
r, - ^ genetic contribution to.the RH6WR-derived progeny, and the genetics q'^PHBWR • . 

~ " are described by ATCC deposit of PH6WR seed. By limitiiig the progeny to one ,1,. - 

outcross away from PIH6WR and by Tiriliting the progehy--tQ those that coatain at 
. - least 60%'of their genetics from PH6WR, the -Examiner's concern. Jhat the .... ••• 

. . progeny may be only distantly related to PH6WR is addressed. " 

7 ' - Applicant- would also like to emphasize that PH6WR cannot be derived _, . 

_ through any other means than through PH6WR seed and plant, nor-can. the.. - 

" ' - influence of PH6WR. on the progeny be removed fronn. a line within Qae outcross-i . . 
': of PH6WR. To view this, claim as one of breadth ignores an essential limitation rr, . 

of the claim; that only a plant developed through the useof PH6WR is within the „^ 
scope ^of the claim. Such a- plant could not be obtained without the use of - ,. 
PH6WR, so the claim would not in any way restrict the work of a .breeder that did „ 

not in fact use PH6WR. Compliance£with Ihe written description requirement's 

es$entially a fact-based inquiry th^t^wiir "necessarily vary depending --on the 
^ nature'^ the invention claimed." Vas-Cath v. Mahuricar, 935 F,-2a"1555 (citing^ljir^^. 
re DiLeone, 436 -F2d. 1404, 1405). Tfcius,^the eompliance withjhe ^A?ritt^ 
description requirement-'must "be judged in view of^,this limited^scopjg^ofJhe- . n^-- 
^ progeny claims.. As amendedrthe claims are drawn to^only a-lirriited scop.e Qf^^^rr- 
progeny, progeny whose existence is.4he direct result of the use. of-PH6WR, 
^ - - This is in harmony mth the statemeht-in.section 2t6§ of the J/IPEP^hat 'Ihe .^^ ..^ 
^ written description requirement promotes the progress :.of the useful arts, by - /^ 

ensuring inventions are adequately described in the specification in exchange for .::r7 o 
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the right to exclude." That quid pro quo of patent law has .been met by the 
Applicant in the present case, and to use written description to. deny adequate* 
^" patent protection would .be oontraiy to the stated purpose of the writteris .- £^ 
descriptlonlrequjrernent. -'oC^'_ 

— The Examiner also rejects claii¥isJ37-^9 under 35-.USa.§_112. first • 
paragraph. "Glialms 37-39 have b§en amended for clarification purposes. Claims . T — 
37-39 are^directed to^growing out an F1^ hybrid in which. PH6WR'is a^parei^.and- - ; 
researching -for PyeWR inbred seed. ^ Due to the imperfect process of seecT 
- production parent seed -can sometimes be contained Jn the. hybrid . seed bagv. - ~ - 
' This claim covers the method of searching for inbred PH6WR seedjfl/ijhin a tjag^- 
I of hybrid seed. The method is^clearly^described in the specification on^age 5, 
' line 21 through line 7 on page 6: One of ordinary sl^ill In tine art can practice such - ^ 
a method without undue experimentation. The Applicant reque^tg -that .Ithe - 
Examiner withdraw his rejection to claicns 37-39. " .o ' " " 



The Examiner rejects claims 3, 9-20, 22, 28-32, 34-44, and 47-49 -under 
35 U.S.C. 112, first "paragraph, as containing subject matter which was.r.i^t. 
described in^the specification In such a way as to enable one skilled in the .^.to.^^ 
which it pertains, or with which it is nnost nearly connected, to make and/or use,, 
thejnvention.^ Applicant traverses theTejection;' 
' ' ' ^ With the exception of -the arguments pertaining toHunsperge? et, aL, Kraft^ 
et. al. and Eshid et JlL, the Examiner provides ne^aily icientlcaf-^arguments for the" 
^^ -112. first-paragraph^,iack of enablement rejectlonlis those providedj^fqr the 142r _ 

. flnst^aTagraph, rack of written dascripton reje,^^^^^ _ 
^ , To avoid Tfep:etitl6h,_Applicant respectfully requests that the Exaqpgr- 
-consider the arguments made ifT response JoJhe 112. first para_gpaph, lackTof \ 
written description rejection as also applicable to^he 1 12, first paragrapMack of 
^^ilenablement rejection._r^ln .-addition, the. Applicant. ^directly addresses the^^ 
arguments raised by the Examiner that relate to Hunsperger, Kraft and Eshed. _ 
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The Examiner has cited .Hunsperger, Kraft and Eshed and stated; that j , 
they "teach that it is unpredictable whether the gene or gfenes responsible . for 
r conferring a phenotype in one plant genotypic;bacl<ground may be intrqgressed 
into^the genetic bacl<ground of'a diffeFent plant, to confer a^desced phenotype^n 
saia'diffefent plant." The Examioerstates that. "Hunsperggr^eral teach that the 
= "ifffrogessioji of a gene^in one kinetic backgrpun.d in any plajiit.of the . same. - 
' species, as perfonned by sexual hybriclization.'is unpridictable-in fjrpducing a * 
^ slligle gene conversion plaiTt-with a desired trait (see, e.g..-ipplumn 3 Jin'es 26- s3Bk*ur^_ 

46)/' ApplicanfCrespectfully disagree that this is what is taught by.Munsperger^ .... 
" et al. Hunsperger et al. teaches that a gene that results in dwarfism of a.petunta 
plant can be. incorporated-into other genetic bacl<grounds of the petunia species^it.. 
" ■ (See column 2, lin#'67 to column 3, lines 1-4). Hunsperger- et- aU mei^ly . .,r~ 
discusses the level of the expression of that gene differed In petunia plants- of ^ - . 
different genetic'^backgrounds. Hunsperger et al.' succeeded In ijjcorpo'rating the ,^ 
^ gene into petunia plants of differeint genetic backgrounds. Therefor©, Hunsperger::- 

et al. support the fact that one can Introgress a specific trait into a recurrent- 
parent through backcross conversion. ""Applicant's specifipation provides arople 
^ disdosure.of="starting materials such as maize inbred PH6WR,. a cftseussion of * 

traditional, breeding methodsT and exarnples of transgenes-and naturally* 
. occurring gene's.thalt may be used In such methods. Hallauer et.al. (1988f on., 
page 472, submitted in thejinformation disclosure statement, state that, ,"EQr — 
single -gene traits that'are relatively easy to classify, the backeposs metjiod is" 
7' ^ effective and relatively easyZto manage," --The teaching:- of IHallauer. relates 
"^-^ specifically'to^com BrCeding and corn inbred line development,, while. Hunsperger - 
T- et al relat^to petunia. " ~ - - '"^ _ _ - ~ 

■ _ The Examiner goes on to..s^te^that, :Kraft-et al. teach Jhat linkage, 
r" ' disequilibrfum effects and linkage drag pr^nt the making of plants comprising a _ 

■ single gene conversion, .. and that such effects are. .unpredletably genotyp'ic. _ 
specific and loci-depeffdent in nature (see, e.g.. page 323)." Applicant disagrees:^ 
that the article states such points, "kraft et al. make no mention of a-.plant , 
comprising a single gene conversion. Further, Kraft ^et al. relates to- linkage. 
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disequilibrium and fingerprinting in sugar beet, a crop Other than ^^^^^^ 
al. state, on p. 326, first column, "The generality of our results Jor other crop r ,^ , 
species heeds to be investigated." — <^>::,_ -' .ai:.-, ■ " 

" - ""it is understood by those bf skilijn-the art that ba^ 
V =^ routineiy produ<id-and.do'^'not represent a substantial- change to a yaclety««The „ 

— Wbrid Seed Organizationron It's web s]te. writes, -The conrsept ofan essentially-- - ~ 
derived vafiety wasjntroduced into the^199rl Act of the UPDV-JIonveption in 
Srder to avoid plagiarism thTdugh mutation, multipTe back-cipssing and to fillihe: „ _ _ 
gap'between Plant Breeder's Rights and patents." As detenTjLned„by .the_uepv- ^ ,r' , 
Convention, essentially derived' Varieties may be obtained for example by the J,. ~ 
selection of a natural or induced mutant, or of 'a somadon^! -variant, the selection 
" of a variant" individual -from plants, of the'lnitial Variety, backcrossinq. ox-^ 

- transformation by genetic engineering. The com'mercialization of, an essentially 
^ derived variety needs the authorization of th\ owner on the rights veste(S3xn the • 
^ " initial variety.: International Converition for the Protection of New Varie«es -of, . ... 

Plants, as amended on March 19, 1991. Chapter V. Article,14, Section. 5(c)". ^. 
(emphasis added). A copy ofjthe relevant portion of the UPOV Convention^an.d 
the Worid Seed Organization web site is attached as'APPe^dix E. „. . ' . _^ ■ 

An example of how one -of ordinary skill in the art can transfer a gene- 
conferring a qualitative trait Into'a variety through backcrossjng is demonstrated 
by the fact that ibe commercial market now distributes a multitude of-pro£luct| 
produced-in this manner. Such conversion lines are^easily^dev^^loped without . — _ 
S undue experimentation. Poelilman''et at (1995) on page 334.., submitted in the"" - _. . 

- . infonnation disclosure statement, statesJhat. "A backcross-derived inbred Jine„„„,. 

— -.c. fits into the sarne hybrid combination as the recurrent parp.i3Mn.b^^^ " - 

- contributes the.effect of the addi^onal gene added through the b^Gkcmgs,;^ ^ " .t^- 
~ ~ The*Examiner gbes on-to-state that? "Eshed et ahJeachJbat in^plants,.- - " 

. _ epistatic genetic interactions from the yariou^" genetic components com0-ising . . ^ 
I'contributions from different' genomes may effect-.quantltative traits- in ge . ■ "■ —•--^ 

'complex and less than additive fashion (see, e.g., page- 1815). . The Applicant " - 
'Would like to point out on page 1816, column 1, lines;:i-5 of the Eshed et al. 
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article it States, "Recent Studies that detected epistasis of s^^^^ 
Drosophila (Long et al. 1 995). soybean (Larl^ et al.1 995).and maize (Poelsiey et^, 
-al.1995; Cockeriiam and 2eng 1996Xdid not show a less-than-acWitiyejrtrend." : ^5^- - _ _ 
Emphasis add^.' Applicant also adas%aUransferrlng«a^quailtatiye traitcdpes^- i-. .^ 

S ' ^ not require^undue^ixperimentatlon- PleaseSote Hallauer et at. (1988)j&Hipage - - 

■ — ^ _ 472, submitteTlW thelnforniation diserosure statement, which " - • 

*^ gene^raitl that are relatively eas^lo -classify, the backcross methoa i^ .. 

- and- relatively ^asy to manage." Claim 51 has^een -amended to^expedrte- - ^ ~ 
prosecution. In daim 51, the genes transferred into-PHBWR are now Hmited^to - ' ~ 
the traits of herbicide resistance. Insect resistance.-disease resistance, rnale 
. - sterility, and waxy starch^ .v.-''^'l 

The Examiner alleges that Applicants traversal- of the art~rejecti9n on .„ 
-pages 7-8 of the amendment of 12 August 2002. "admits that outcrossing -the • ^- 
exemplified inbred to another undisclosed plant is unpredictable." Applicant's.. • ^ 

statements on pages 7-8 of the amendment of 12 August 2002 make the^point . y 

that it is not possible to use the cited prior art line F361 -to produce a line'that.ls . - 

the same as PH6WR or any of the claimeS progeny of PHeVVR. Appjicant did ^ : 

'.. not in any way state that it would be^unpredictabie to introgress a gene into_. . . ,^ • 
PH6WR through backcross breeding techniques or tcansfomnation. ., .. - 
. . In light of the amendments to the claims-and^the foregoing arguments the.. 
• Applicant requests reconsideration of the rejection under the first paragrapk.of^-- . 

35U.S.C. irz - . - - ^ _ - - 

^ Claim Rejections under 35 U,S.^§-1 02 and 103 - ^ j 

" The Examiner states" thatr„"cFaims 14'^nd 43 remain rejected ujncler-35 - .jv ~ 
\: U.S.C. 102(b) as anticrpated^by o'^frfthe alternative, under-SS U-SX:^ 03(a) a§, 

Svious^over Morgan ,.:(trs7Patent -No. 5,824,848). "Applicant tKayeFses=^th^, "-^ 

rejeclion. " - -= _ * _ "I • • " - - " - 

- Applicant has" cancel|ed claim~14.' Applicant has amerided claim-^43'~ " r^"'''^ 
^ Claim 43 is limited to progeny produced by the method of. ciairh 42, which .- ■ \ . 
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requires the use of PH6WR» and is further limited to progeny deriving at least ^ 
? 50% genetic contribution from PH6WR., - - * ^ "^^^^ 

The Examiner has made several objections which relate to; written •'^■^cr^ 
descrif^ipn and these were. addressedslnjhe response to tl3.e^^ ^Y: 
,5^' , section aB^e. The Examiner then laakfs the* statemenUhat '1t j^u^ 

unlilCely that the genetic^ rnateriaHhat remains in the^^first generationj^prpgeny.. - 
retain (he unique genetic and rnorphologica^ complenrient of the eJ^mpilfij^J 
-inbred... Furt?ierm5re, since the /nof/v/duaMraits exhibited by the'exemglified ~ 
inbred are not unique to the exemplified inbred, either by degree of agression 
- ,nor genetic means of inheritance, a descendant of the exemplified inbred_.. 
containing no genetic. material from^it could stiirexhibit-these individual traits, and 
could still possess the same'genetic means for confening these traits as'did the - 
^exemplified inbred," T - ■ ■ 

' Applicant responds that such a described inbred is not within the . scope of * 
the claim as amended, because it would not have at least- 50%, genetic^ 
contribution from PH6WR. Further, the benefit of the invention relates. r»pt Jo 
plants comprising-these traits in general, ^but plants that, comprise; these traits • ^ 
through the use of PH6WR and the work of Applicant -In fixing these-traits and^ „ 
linkage^groups In PH6WR. "Nothing in claim 43 would restrict a breeder'from- 
making, using or selling a line with- all of the same morphological and 
physiologicaj characteristics of PH6WR or the, plant of claim 43,„sp long as such 

- plant was cre.ated^ithout the use of PH6WR. . ' ^ _r j^. 
Further, as evidenced by the declaration of Stephen Smith submitted^as . 

^- Appendix- F, both PH6WR' and its progeny within the scope. of claim 43 are .„_r .'2-- ^ 

- idistinct from F35^1 taught in U.S. Patent No. 5,824.M8. - - -^^ ^ ^ - ^ 
^ In^light^of the above. Applicant respectfully requests that tb^^Exammer ^ ... 

* reconsider and withdraw tfie^rejection to claims 1-49 under^35 CJ'^:C^4Q2 (b) 

■ -^-^ . ^ 

and 103(a). , . „ - - — , 

^ Claims 1. 2, 4^0.45-16, 21, -23-29, 37-43, and 50-57 are .now .pendlng'in -r^r. 
the application. The amendnrients made herein do not In any way change the . ., 
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claim scope which the Applicant believes Is allowable but^is meant tq-hasten the 
issuance of the patent. ^ 

CQNGLUSION ^ 

Applicant submlts^hat in light ofclhe foreigoing^.amendments and-th^,^, 
^remarks, the 'claims.'-),. 2, 0,^15-t6». 21^^23-29, JJT^S^ 'aad -50-57 arejn^ J" 
-condition for allowance. JReconsideration and'eacly^otiee of allowability^ 
respectfully requested. Tf^itcis felt that it would aid in prosecutipn, the Examfnej^is 

invited to^ contact Ihe^ undersigned at the number indicated to discuss a_ny. 

outstandlng"lssues. - - . * -:r" ^ ^ - 



Steven Callistein 

Pioneer Hi-Bred International 

7100NW62"^7\venue 

P,0. Box 1000 '^^ 

Johnston, 1A5O131-J00O - 

(515)254-2823 

(51 5) 224-6883 Facsimile 



^Respectfully submitted, 
Mark David Hoffbeck 



^^^^ 



Steven Callistein 
Reg. No. 43,525 
Attorney for Applicant ^ 
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Marker-assisted Selection in 
BaekcrosS^Sreedrng ^ 



■ -S.J.Opcnshaw 



Ploneer 'Bi-BredlntL Inc., ROTBox 1J)04, Johnston; IA 50131 



CIMMYT, Lisboa 27, Apdo, Postal 6-641, 06600 Maico. D.R. Mexico^ - ^ 'z^. - 

WJ6. Beavis - _ u " ' ' 

Pioneer HUBred lntL Inc., Rd Box ~ . 

AistracL Th« bockeross br«td|Qfl proeedurt has be«D ^td widely to transfer siuply (nheriUd trttits tnto elite f enotypest. 
Genetic marken can Encresure die effectivBttes* dI bukcrctfsing by 1) increasing ih^ prnhablllty of.obtnJiilinLef suitable 
Gonve^iott, ftud Z) dwrw^ag tht tfnie required to MhicTC ao Accepiftble pccovciy. 5lRliilatfio& and field rcaulta hidicatfid 
tbat for a gebowe cniulsting of ken ZQO-cM ebrouosoACS^ badng selection on 40,or SO markm. b 50 BC IndMdnals that 
"c^ty the sllflle b«liig tranxfvmd i^n reduce the mrmbcr of backcross ^encrttHo&s^nceded fiom AboaMcf cn to three. 



'f I \he bafikcrwft bieediiiB procedure has becii used vAMy 
I to traiufer simply inherited tmits into eljte genotypes. - 
X UfluaUy. the tralc bang txinafemd is controlKfid by ft 

.single ^cnet, but highly heritable traits Aat ue num complexly 
inherited have alsu been ^rans&rredsuccessfuny by bec^ra>5- 
ing; for example, xiwiurily in maize (Rtote And Scau, 1561; 
Shovcit 1976). Today, l^ckcrasAiivs id beinj; used to transfer 
go^es introduced by stjch ter^hniqtiA$ » tondomiuloa er 
mutation into aDpropriate^eennpIaaiiL 

Scvsml plantbrwdin^ tcxtbooki give good dcscriptiiaas of 
the backciou proceduie CAllardi 196D; Fehr, 19^7), A donor 

' p*wit(DP)canyingatnlcoflnreresti5crofiXftdtDtherecurTent 

-pmnt (RP), an eliterlino that t3 Iwklive the tiilL The Is 
crossed back lo the RP to produce the BC^ generadOQ. In ihe 

, BC| and subscQueat bwkcfoss genefadonsrselected individu- 
als curyiiig the gene being tnuisfefttd are backcrossad to die ' 
RP.-The eJtpectfid pttportioTTof OP jeaoma ia reduced by half 

"^wjih cacti ganeratloQ of baclxrossing. Ignoring effect; of llnk^ 
age 10 the Be:lected Dp atlelebchi^ traruf^d, tbo pcrcenta^^ 

^Tecurrent^parcnt (%EP) gcaomc txpcseicd in each backetess"" 

^genfiradon « calculahid 00: ^ 

%RP-100[l-(0.5)'^*»l ^ 

wheie n is the fluraber of backcrosiea^^ --^ ' 

*BaclccTQSsiitg of ^alectet} planii to the BP can^be rrpoitcd 
each cycle u ndl a line i& obtained thai is essentially a veralon of 
the RP (hat inclodos die Introgrc^sod allele. After lU back' 
croasfiS, Ae expected xecoveiy li !>999& (Table 1). 

Urtril vccendy^ discussionE of tho recbvcnr of (he ft? genome 
during baekcroaiing have empharized the expected values for 

^Vomat\i wtch ?umuB Uciivanlcy, W«« Lal^yma, End. 

AnafysLr of kloUcular Marker Baio 



%KF shown in Table 1, and have largely i^orcd the gencCic^rr'v- 
vaiiidon for %RP that exists around ihe cxpcrctedmcan. SVi^ 
die dcYBlapment of fiODOUC markers jCapabie of providing good „ 
genome coverage, there has been iumrescln taking advar^j^e of 
dial vhriation to inercaae the efficieney, of bockcrossing* 
- Selection for RP.inazker altdsa cau). Increase grdatly^he 
. effectiveness of backcroj j pmgrttms by allowing the.br^e^derto • 
1} seleclbaekcro$$ planu ihat have a higher proportion of RP ^ 
genome, MdJ£) select baekcrosa Individuals tbft &re beaer 
•cotivcrstons n^ a chapped donor alltle being tranjfOTedJte^ 
^aclcctfof lesslinkagodrael.Expressedmpraciical terms. uaing^ ^ 
'gencdcmarkeri to^assiSL-bactotissing can J) !ncrea|,e .ttiat^"^ 
probabilicy of obiaialn£ a suitable, coo vej^ionrand 2) dcqrpase 
fhe dme required to achieve an acceptable recovery. 

**£ssaes Co eod^lda/' when plannlog a markj^^asl^ted- back- 
crofs'pcogram include I) the time advantage of using nvarke/s 
*to assist backcrossing. 2>ihe Auno^ter of mariccra neededrand 3) 
die number of ganotypjp. W evrfvate, la this report, ^e use 
results Jrom previous Uleraiure. conTpuiBr simulatioru.andjsin;^" 
"pirl«l studios to pn^vide some.guideUnBS. * . 
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jAaX^riA and methods 

' \ ' 

- The maize genome was the tnodd for the simulation* The 
i.iirnubced genome contained ten 2C0-cM chromosomes. Simu- 
Inrion cfcrossin^ over was based on aPdisiondiStriburcon wiih 
t mean of 2.0 (X s 2)T(Hansofl, I959>, whJchj oft ^v^raggi, 
-^generalcd one cto^ oyer for cvBiy 100h:M Icnj thrthe Bimula- 
dons^PD^ct here ft^tiume no interfenenca^^Codoniinant ge- 
IveCJc TnwrJcers w«c evertly diacrihuted in the genome and aiies* ^1 
<^ (^Oie donor genBW«t» randomly asslgntdrngenofflBlocaiiCTis^ 
' ^Simut^ons weT« conducted with ihefbH owing parameters; 



_ co- 



Number of pfogeny: 100 or 500-- , 
Backctoss genentioii^: BC^i*^C^, and BC,. « 
Number ofniM^kerti: 20. 40/80. or 100. 
Numbcrlclecced to form the paxiBC generation; 1 or 5. 

^ Scl ecdon was baaed on 1 ) prese nee of the donor allele and 2) 
high %KF). %R? was ealcuIalLd as the average of die (one or 
frve) selected individuals. Vadue^ pr^enmd ara ih& Tnean of 50 
'^jimttlaliofli. 

In the computi^ limalation Etody^ all methods mcdeled 
. gr^ily increased tha Of rocoyario^ the HP ^aome 
, compsnrd lo the cxpccl^ recovery with tio marker-assisted 
1' cclection (coaif)aj« TabTv t »nd 2). Ac l&ut 80 markers were 
' . required to ^ecov«r 99% die PP genome in just duec BC 

gctteriLLionc (Table 2). Use of at leaat 80 mtukers and J500 
: progeny allowed recovciy of RP in Just two BC gew^ 

dons, RitsponiE to aelecdon was diminished only.sii^tly by 
^ spresding ths effort over five tfeleccionfi. Using mmktii, die 

mimherofbadccrdss generations needed to convert an inbred is 



reduced from about seven to Ihree. r 

By the BC^ generaUon* there appears jo be no pmclicol 
advantage to using 500 vs. lOQ indlvidualsTlf the presence of 
the donor crajt In ihe backero^s individuals can be ascertained 
beforeSn^kerj arc genotyped, then only half lh«^ number of- 
Individuals indicaced in dis tables wi^jj^ed to be anaJyzed.^. 
' When a small jfiumbitr of Tn:3Tkm arSTused, they qdckly 
became non-mforTnagvo; i.c^lecdon causes tije mflrkerJoci 
to bccftflie fixed for (he RP rype before the rest of ihe gortdme 
lsfUnyconvBrted(Table3;Hospital^aL, 1992). This si widdm ^ 
was m w prominent in die 1 vg V popuUiJonti, ^^heitt ■ higher « 
selectimi'intcnsity^placed more seleetfon pressure upon^tbe*' 
m^i^ lecL Accordingly, Ic is of-fntcmt to eonsidar how ^ 
closely ihc csiimatioaiOf 9^RP based, on Tnarfcew'rcflccis thcjl 
actuAl genome cOTnpost don. The Qo^iblniiiorTofesdma^on of_ 
%RP based on fewer markers and subsequcnts.dBciloA (ends to" ^ 
bias the estimates upwird (compare Tables 2 and 3). * - 

The results from the s^mulccloA compare well W4th real field 
daca.InaiypicatexQispIek50BC,.pIant$«artying.diegene'bejng 
iransferred were genot^pcd B( g3 po^morphlcilFLP loci (rots * 
"that thiH eoncaponds tOj.a popu^on size of 100 unseleeted 
plants in Tables 2 and 3). Tha five beat BC.- recoveries had 
estimated 9bRP valnes of 85.9%, 82.79&, 51-0%, 8l,4%, and 
81.2%. AftcreviJuaking 10 BC^plflntSftom each selected BC,. ~ 
.die bftstBC, recovery had an estlmaceid %RP of 94.d%. 

DiscBSSiOn ' ^ ^.^'y ^ 

^ The simulations (Table 2; hospital ec al., 1992>rfl«ltouf - 
experience indicate thai fourmarkers per200-cM chromciome 
is adequate to greatly tncw»aj:be effectivoAess of selection in 
the BC|. However, using only four markers per 200 cM will 
Iilcely make lEmery difficulLto map the location of the gene of 
interest. Adcquat^^unmarization of the data- is an imporTant 
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Tabk X Percent rceurreni parent ^omf durmj Ma^f^Mted baekcn^ing. 
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: par^ofa marker-ft^^slstedtackcros* pF08nin.ldMtty« the mark- 
^ used can supply data (hai cm be rq}rueDtcd as Bllela Dfloci 

* vrlth known map position. Estin^tion of ftKP, mipping the 
cat' '" '^ posirion of the locus of interest, and grnphlcs) dtiplRy of chc j 

i«sulu (Young and Tfinlalcy r l989),are all lueful in under- ' ^ 

* i^ing-nnd conwIUrtj tbe Jpcdfic badccrosi cxpcrinwnt 
•bemgcondi^erf.-" ^ ^ ^ 

edr:^ I' appears ttuCk wi(h the use of ^cnct)¥,|nariters, the portion 
^ . of dift gcnSme Ui^t IjJ not Jmkcd to che aUele being trans* 
- .ftrred can be recovered quickly.:,4iid with confidence. Tb» 
^ jecovcfyofRPv^^nbelJowaronihcchroiiKi^ 
"^^enc of interest A considerable'^ainount of linkage drag is 
' «epected to aecompAay felecdonJfoMbe DP allele inlrbac^ 
.r«=> ' . .ffoss^progmn- For n locus located in the wuidlB jf a 2Q0-cM~ 
ctromosomc^ the kagth of the KP chrt)masoraft'MEinei»Lw- 
*. companyinff ^eUction Is txpected to be 126^ 63, and 28 cM iD^ 
'(lic^BCTBC,, And BC^ gcneradons, respective]/ CHvnaon, 
~ VJ W9;KavBiraandBari>fldjlJa» 1992),OivobwvaiiQns suppott 
~.u) _ tberecommca(iatlonofKD$pltdouL (1992) ibni preference be 
^ _ ; the selection for reeomblnanu proodmal lo the allele of 
'iiBtercai, bur diat selection for xocovcry of d» RP daewhere In 
"'^ ^ genome also be conaderetL Thu two^tage selectioa can . 
- ' probubly be ddne<|iiite effcbtivoly Ad hoe by the bteed^ once 
I'lfae daia i$ sdequatety sumnuirizedv however. Hospital ct a). 



BU$£est Vmyj^tO Incofpbrftte the two critenn TntO-ft'sdccDon 
index such diic each component of salectiDn is a^suted appro- > 
prlaie weUhdne* " " ^ 

Useof geneik mukcrtcafn sreatlyincTease thftefffeCtivenuSE 
of bacScc^ss^g^ and they should be usedlin' any serious bacJc- 
croxsxng prDgrarn if resources arc avallabie to the breederr^ ' 

Lllerahire ^^^^tes^:, - ^ 

ASavd, /yy^'^, PfifiCiplefr of plant faipedinj. WU^Scw Yortc*^ 
F« Aj> iV.f . l^$7, PrincipJe* orculuvardevciopffloic v.l. Thmy and ^ 
* lcchnf^.Mfli!mIIlan,Ncw Yqs^-^ ^ - ^ ..^ 

/;an«f^H'.A;P59.fiwlyjfini«lioofti«Jysisoriciigth6f^^ - - 

chremotome wemcntj^^und a loom hBld,lte tei&cygu m with 
baexcio$aheorsdfine.Genetfc!r44;843-847v,;*^^ ""-^ 

fiaetntragiesslonbree^rigprognmr^Gcnedce 132:ll9$Cl2fa ' ^ 
!MtA:E.H atud la^SMtt Moving com-b«IC* gcrmplttm ""^ 

northwawL Ana Hybrid Cwn In*j«oy ConT. l<S:»-^6. 
f /M vfr» OX i^/tf. Oonvenieni 4bre&i1i/im it maminbtods. Maize 

OcDeLCOT^NwiIinr^20-23; « ^w- , 

FtfuiV. f4M.MHdS,0. tonksUy. J9B9. Resincfion fragment lengtn 

, pelyraoiphj5minap«and{h4CDRceptofg^phlcaigeiiocypa.Thcd,G^^^ 
. AppllidCarwt. 77:93-101. .^^tv.,. ^^^^^.^ 



? 4/Eci/yj£f Of McUcidar Marker Ocia 



43 



Received from < 515 334 6883 > at 2/28/03 1 1:32:22 AM [Eastern Standard Timel 



02/28/03 FRI 11:42 FAX 515 334 6883 PIONEER -HI -BRED DSM (2l038 




. 9 ' 
2 MAIZE - THE PLANT AND ITS PARTS 

R. Scott Poethig " ' r., 

-Department of Agronomy , Curtis Hall - 
tJniversity of Missouri 

Columbia, MO^ 155211^ ' _ c 

One-of^he!*CTeatest~deterrent5^5 an appreciation of plfTit^inorphology is'.^,.. 
■" the terminologjP used to describe- various plant parts, ^hrsr^^^oblem is 
' -=Smpound?d-if the cas^^of mai^e because of ita.relatively "u^sual structure. 
" We all learn that- plantST b£^e a vegetative- body comjos|d of stems , leaves 
" and roots," and that flowers contain sepals, petals , ' pistils and stamens^^ 
Maize, however ;c,has at !last- three kinds of-leaves -tWb^kinds .5^^ .two,, . 
"^inds of roots, arid two kinds of flowers in which glumes-, lemmas -"and ^paleas 
" -take- the place of- sepals aSd petals. - Fortunat&ly, these ^parts "are arranged - _ 

in"=^a relatively simple^f ashion , so the task of mastering maize inorpholo^gy is 
■ not-as difficult as 'it- might seem. In this article we mU identify som.e .of the 
i^ost -important parts- of the maize plant and describe their organization 
More detailed descriptions of the developmental -morphology of maize ha^je^. 
■been provided by-^a number of investigators.. Kiesselbach (1949, repni^ted 
1980) gives a gooH general picture of maize structure and dev:,elopment. The .. 
..external morphology and the histology of the v^sgetative ^nd ^epfodu^fctive 
shoots have beeh-studied by Bennett (1948, 1953), Sharman (1942) and Abbe - 
and co-workers„(Abbe and Phinney, 1951; Abbe et al.-,.:i951) while the most 
comprehensive descriptions of the embryogeny are -those of Randolph (1936),.. _ 
and Abbe and 'Stein (1954). A summary of the histology of the corn_plant, 
written by Sass in 1955,. has been reprinte'd in the. recent edition of Corn 
and Corn Imt>rovement C1976).. • 

- The organization _of the plant body : - Maize- is a ..member. .,of the grass 
family, the Gramineae, and as in all grasses, .most of the plant body^is.leaf > 
-tissue (Fig. -la).- To appreciate the general organization of "the ^aize plant 
it is helpful, therefore, to see it in a leaf-less state (Fig. .lb). Stripped 
--naked, the maize plant is not" very impressive. Its.Tmain. stem, or cutai.„ is a 
slender, segmented shaft similar to a stalk of. bamboo' or , sugarcane. The 
enlarged joints, along' the stem, the nodes . mark the poiijts of leaf attach- 
ment; the stem segment -between- nodes is called the interaode ■ Each ngde _ 
' bears a single leaf in a-position opposite that of-the n-eighboring leaf , givuxg_ " 
the plant two vertical rows of leaves in a single .plane (Fig. 15; 2). This 
so-calledr distichous phylloliaxy -is typicaf. of all leaf-like agpendgges, 
-wherever they occur on the plant. " ' ^ ' T ^ _- 

-w „ - ' 

-"Maize has -unisexual, rather" than bisexual flowers. - Male (stamm ate) _ 
flowers are located -at_ the apical tip Ijf- the- main ^tem. iri^'the "tasseL. a 
branched-- inflorescence. Female (pistiUate) -flowers are found._in one. to 
-several compact ears , located-on the "ends of short J>.ranches near the middle ^ 
of the stem (Fig.-- lb; 2), ' . . - - ^Z^_ — 

z—r ^^.^ partitioning of'^male and female nowers^*in- separate structures- s^. 
distinguishes .maize from other cereals and is one of the principal.. reasons - . 
that its genetics has been so convenienfly explored. Making controlled 
pollinations in maize requires little more effort than that involved in placing ; - 
a bag over the tassel and ear shoot. To perform a controlled pollination in 
rice, wheat, barley and other cereals, it is necessary to emasculate each 
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flower^ used as a feiDale parent, an especiaUy tediou^ob when each flower 
yields only one_ seed . 




B 



-Figure 1. a) Mature -maize plant (after Kiesselbach^ 1949). b) Mature m^e 
~ plant -drawn without leaves and adventitious roots The apical 

Sf^ o-f the main -stem (culm) teminates in the tassel ^^^^^ . 
basal end fferminates in the primary root (radicle). The- ear sKSbt 
_ = ' arises from an intemode near the center of the cUIm. - 

- -Maize- also'd^fers from closely related-species in that it ^as relat^ely 

-few branches. Only the lower 10 > 1^, mtemodes of the st^m_ pi^d>ic^ 
bfanch^pr^ordi^ and, mo sF of these remain siippressed/ Above-ground 

iJSordi? develop -into ear shoj>ts .-.while those locate^ at subterr^^^^^^^ 
noSs develop, into tillers-brgnches identical m_ ^tr^oture to th^^ SJ^hd 
Somifiercial hybrids "^ept sWeet corns) /^^f^f^^ ,^!5'::^S ^vaJfeties" 
tvnicaUy produ'ce a single viable ear shoot. Irr conVast, -some varieties^ 

_:S Sve ^several large tillTrs and-may produce 2 ears-on the.mam stem and- 
some ears on tillers. " • ^ , . 

The stem: " During the first four weeks ^after germination the grovang 
^^inf- ftf thT stem lavs down all-^the nodes and internodes of the plant and 
fhTn' d^fe^e^ti'tTs a'tassel. At the time of /tassel Jo-^^^^^^^^ ^ 
not more than 3-4 inches tall, even though the plant may be 3 4 feet m 
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height (Fig. 3). Subsequently, the stem begins to elongate rapidly, with 

most of the growth occurring at the base of the Internodes. The J,6,wermost 
■ 6-8 internodes do riot participate in this 'growth, however, and remain below 

ground where they produce the root system and tLUers .... These subterranean; 
.^Jntemodes taper sharply towards tlie'^base^of the stein,^torniing_.a distinctive' 
--Region, the crown (Pig^.. lb). The stem is thickest a few inchest-above 

ground, 'and tapers gradually towards thSa, tassel. All th-e,,ifiternodes from 
'^the top ear,downwara'"have a distinct groove "associated- with the^ axillary- bud" 

at the tbase of the internodes; internode^^ above the^'eafe^'ck axillary bugs 

and arersmoothly_. cylindrical. ^ ■ . 





■»nth9rs 



' . J I ) )«sf midrit) 
"(.'rjd. 4— iMf Disae 



leaf «ri«»tn 



Figure=2T ..The major parts ot the maize plant. - Drawings in part from P._- 
'Weatherwax in Command Corn Imp roveroeiit, 1955, and E. p. 7 
- Styles et al. in Can'. J. Genet. Cytol. 15:'59, 1973; figure 
assembled by M. M. Johri and E. H. Coe. , , 
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Th^ stem of an ear shoot, caUed the shank (Fig. 2), differs from the 
n^ain sJin S b^Lg relatively short in most-^ms. In f di^ion tt^ mter- 
^ic th^ Shank are var^ble in number, irregular m shape and sizd^, and 
ffnd tf hive a crkiWed smooth surface. : Secondary ear shdots^ 

commonly Iccur on thf shank of severaPtypes of maize, but are rare. in^most 
coZS°s?rains .unless fertlMaation.of ih£apical ear is prevented. - 




Figure 3, 



A four- week old pTant (approximately 3 feet tall) m which the 
stem apex has differentiated into a tassel. As shown_.on- the- 
right, the stem is still- relatively -short at this stage. ^ - - 



" -The tassel r The tassel, located at Ihe'-top of the.cuhn, consists^-or a 
serie s of large b-ranches ( spikes ) covered with numeroiis . .-small ^flow.er- ■ 
bearing_branches ( spikelets : Fig. 



2). 



bearing orancnes , ^p^c:xc.. . . ... Each branch jyomt on a=.spike^^be^rs 

two -MKelets, one o*^ a lon g .stem ( pediceUate ) , the" other on a stjort-s^m 
(Ssile) (Fig. 4a). Each of -these- spikelets, in tu£n,. produces-two func^ 
L^&TloretS^ Although tassel _florets- contain ^^^tl^^^^^^^^^t^^^^^ 
"bistil normaUy. degenerates soon- after it is "Vitiated makmg the floret 
functionally male . However , pistils will develop at the chaser of the ^assel 
under some environmental and physiological conditions.r and . are quite 
common on tillers. ^ ' _ — •, 
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Figure 4. Schematic' drawing :of a pair of tassel spikelets (A> and a pair of - 
: ^ ear spikelets (B), Note that the lower floret in the. ear spiKelet-- 
aborts early" in development, p.s. - pedicellate spik^let; s.s, - 
sessile "spikelet; g\ - glumes; le - lemma; pa - .palea; fl ^-.floret.. ^ 

Surrounding, both florets on a spikelet are 2 leaf^like scales "called 
glumes (Pig. 2; 4a), Within the glumes, each floret ^S- individually enclosed 
in another pair of scales, one located adjacent to th^..glume^,Cthe lemma ), the 
other located' between the two florets (the palea ) (Fig. 4 a). At an thesis, „ 
these scales are forced apart by the swelling of conical, structures ^ 
(lodicules) at the base of the 3 stamens, and--the/filamentous base of the 
stamens elongates, forcing the anthers out of the flower ^(Fig. 2). As they 
dangle downwards, the. anthers shed pollen from«openirig*s^at their tip. - .r^^ 

-.PoUen grains -are the multicellular products -of , the haploid microspores 
that result from the meiosis of a microspore^ motlier cell . (microsporocyte) * ^ 
Meiosis takes place in -'the anther before the tassel emerges from the leaf r- 
sheaths. After meiosis, the 4 resulting haploijl microspores separate from 
each-* other, and each forms =a thick waU."^ Shortly before shedding.,:^ .each , 
microspore undergoes two mitotic divisions.- The first -division is asymmetric, 
and produces a relatively large vegetative ceD^ and a. smaller generative cell. 
In the second division, the generative ceIU_divides to form two sperm cells^,.- ■ 

The ear : The ear is morphologically jimila?: to the tassel,./ although this 
resemblance is obscut^ed by differences in" the relative .size of . their -p.arts- . 

"The crucial difference' between them, is > -of ^course, that the ta,^sel contains 
male flowers, and the ea^ears female onesr "This difference-is.dpe^simply 
to the fact that during the-^f ortnaition "of an. ear floret,^ ^stamen pjimordia ar%-:„ 

"arrested at .an early stage in their developmerJtT while the pistil develops 
fully. Each functional ear floret has^ a" single ovary , whichtterniinates in--an _ 
elongated style> or silk (Fig. 5), -Within the ovary is rsingle embryo sac-. 
The embryo sac is the product of one of the four haploid. cells resulting from 
the meiosis of the megaspore mother cell: WhHe it-Sr three sister cells de- 
generate, the nucleus of this cell, divides three times to_ produce 8 haploid 
nuclei within a common cytoplasm (the embryo sac). Two of these nuclei" 
( polar nuclei ) migrate to the center of *the embryo sac where they become 
closely associated.. The three nuclei-remaining at the base of the embryo sac 
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subsequently undergo ceUulam^tion tc form the^ egg^cell and two synergids 
whHe the 3 nuclei at the tip of the embryo sac prohferate^, to - form 24-48 
antipodal cells . ' ^ 




Figure 5. Radial longitudinal- section of an* ovary ,,with an unfertilized 
embryo sac* (after Randolph, 1936): Upon fertilization, xi^p- 
nuceUus is digested by .the expanding embryo sa<; and the tissue 
^ * surrounding -the nucellus is transformed into the pericarp .- si * - 
- siUc; e,s. -^embryo sac; nu - nucellus; in - integuments. 

* - The ear also differs from- the taslel in that it"-has_no major lateral 
branches. Its thick, lignified axis, the cob\ is-^ homologous^ to the central 
spike of the tassef As in the tassel, ear spikfelets come in pg:irs , but in 
the -ear they are equal in size and only one of the: florets in each spikelet is 
functional .(Fig. 4b). "An ea^ therefore has an even num^Ser-of parallel rows 
of equally sized kernels equal to the number of "spikelets on thj^^cob. The 
number- of rows (or ranks )"^(5f kernels ranges from 4^to^3Q\, ^ - 

-5*he glumes, lemmas and-paleas of the ear spikelets ar^eadily "visible 
''in an unfertilized ^rT-but^are soon obscured by the^-'enlargemenj^of -the- 
ovary^-^after fertilization. In a matlire^ear^ these structures are -represented 
bv -the chaff that Adheres to the Ti0b> and the base of the Jcernel" after it is , 
Shelled. _ _ ^ — ' * 

The leaf : Maize produces three kinds of vegetative leaves : foliar ^., 
leaves, husk leaves and ^ prophylls . A foliar leaf is located at ^each of the 
nodes on the main stem, husk leaves are located on the^ shank of the ear 
shoot, and prophylls are found at the base of the shank between the ear 
shoot and the stem (Fig. 2). \ 
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The foliar leaf has two distinct parts— the blade, a flat portion^ex- 
tendine away from the stem:, and the sheath, a basal,part that wraps tightly 
^ around the stem (Fig/ "2). Internally, the blade consists of ^ a spongy . 
network^ of cells traversed by a series of paraOlel, . Ipngitudinal veins. .This 
flexible lamina is supported by the midriTa, a thickened";- translucent struc- - 
■ ture-located in the center of the leaf. The sheath js ttxicker 'and ^ore rigid 

- than the blade, possesses fewer longitudinal veins, and lacks a^^^rominent 
midrib. " The- sheath completely encircles the>internode above^ the n'orde to 
which it is^attacheS'land may ex-tend the entire length orjifiat intemode.. ^ 

^ During the early development of the plant; the leaf sheaths prov^^e most oX 
-the. mechanical support necessary -to_keep the stem upright. At-ttie_bound-_ 
--""ary-between the blade and the sheath there is a distinct hmge of translucent «... 
-tissue. In'' this region, the leaf blade and leaf sKeath . narrow sharply, - 
forming an indentation'^in the leaf margin. The wedge.. of "translucent^tissue ^ 
adjacent- to this indentation -is "known as the auricleV Jhe^lignile is the thin ^ _ 
coUar of filmy tissue located on the- inside of the hinge. - 

The husk leaves "surrounding" the ear are usually considered modified ^..^ 
leaf sheaths, with ..vestiges of the blade portions occasioriaUy^^present- In 
some .strains husk leayes develop a -prominent' ligule and leaf bl§de.* In 
^ contrast to the leaf sheath, husk* leaves are relatively tliin, and flat. Each^ 
husk leaf is attached to a^ unique node on the shanK, and aU. but a few 
upper ones are arranged distichously , . , :. 

Located between an- ear shoot and the stem, the prophyll looks., supef- 
-ficially like a husk leaf, but is distinguished by having \yio keels (midiribs) 
and a split apex. These features suggest that, the prophyU arose evolu- 
tionarily from the fusion of two foliar leaves. The homology of the prophyll 
is still controversial, however. Galinat (1959), for „exainple, considers; the 
prophyll one of the basic units 'of maize morphology, the others being the - 
.internode, leaf and axillary bud. ^ ^ 

The rooj : Mora ^ is known about the growth r cell biology, physiology^ 

- and anatomy" of the primary ""mai^e root, or radicle, ^th an perhaps, any other - 
organ of the plant. It^ his-Lological structure, -described by Sass (1976) and 
Kiesselbach (X949), is typical of roots in general,^ The apex^ojf the' root is 

'^^^^heathed in a loose network-of root cap cells. -Immediately l?^hind the ape;^ 
is a zone of cell division and elongation, beyond which -root hair^^are ^ - 
initiated. -Larger lateral rootl arise at varying poirvts_behind the zone of 

root hair formation. Cell division is restricted to.. the apical 3 mm of the 

r r^ot, 'and occurs at a maximal-rate 1.-25 mm behind the apex,: The_xone„of 
elongation extends^ 8 mm" behind the apex,^ the" r^e of elongation being 
* maximal 4 ram from the tip (^rickson and Sax, 1956). Those^in teres ted in ^ 
using" the -root for physiological „or cell cycle studies should consult Silk and 
Erickson, (1979; JL9B0) and Green (-1976) ior^an analysis^of -me- growth para-^ 
meters, that must-be^ttken into consideration in such studies.^ J--:,^^. - 



* --^ The primary root represents the basal end of-"the_,Rlant axis, which jfe^ 
"^.^ niai2e and other grasses ccmtribu'tes relatively "little: .to -the ultimate root 
system (compare Fig, ^ la and b). -^Most 'of the root system^ consists of 
' adventitious roots produced by the basal-most ihtemodes, of the * stem . The 

primordia of a few adventitious roots . are normally present in^the embryo, 
and these emerge soon after gerinination - New root primordia are subse- 
quently initiated at the base of all subterranean intemodes^^^ and also appear 
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or 9 or 3 above-ground intemodes after the stem has elongated. Sub-. 
terraneLx advenStfous roots are sometimes called crown roo^ , wh^e those 
initiated above ground are known as brace roo ts. • . . ^^ 

Adventitious roots grow horizontally for several, feet before turiimg- . 
^««mwardT Ts % r?sultT^ r^of system of a -single-plant often cov|rs a 
^^^fi R fPet in-Seter while the deptli of theroot #stein,inay be-as 
^^^gion 6-8 feet in the regipnr 

-behtd' the ipe^xr^crm'^/'S s'S^ndary" roots and-uni«^W jppt hair^^ 
T^e toti lengS^ of -root lystem of a matmre plant hag. been estimated to be J. . 



miles. " ^ ^ 



The kernel:- The events surrounding^the process of fertihzation have ^ ^ . 
^een desSd by-Miller (1919), Kiesselbach (1949) aiid Pfahler (1975)^ 
"SXtunKSyrultrastructural iMormatioii about '.this _ phenomenon i^^. still 
unavailable . — ^ ^ _. - ■ ^ . . 

The silk is receptive to pollen along- its entire length. Within ^^^inutes 
if ter- a iJoUen ffrain lands^on a silk it sends out a ttibe whjgh penetrates the 
Sf- and growl downward towards the ovary. During Ais process the 
vegetative nucleus and the two sperm ^cells migrate to the ^P^/>'« P^^J^ 
tube where they remain throughout its growth. Upon reaching ^the embryo 
sac 12 to 24 hours after germination, the end , of the pollen tube bursts, - 
releasing the two sperm. One "sperm nucleus fuses ^tl^the two po^ nuqlei 
Si the center of the embryo sac- to form a triploid cell that gives nse- to the 
endosperm. The other sperm nucleus fuses with the egg„ nucleus to form..the_. 
-Sv'tote As often as 2% of the time the polar nuclei and^the^egg nucleus are _ 
grSed by sperm from dif f erent . poUen grains . ..with the "extra sperm nuclei ^ 
beinff somehow lost (Sarkar and Coe, ..1971), . This phenomenon , called, 
heterofertilization, can lead to a non-correspondence between the genotype Qf . ~ 
the endosperm and embryo when-:the male parent is heterozygous. ... 

" ~ The development of the kernel following fertilization has been described 

- in detail by Randolph (1936>. We will only note" here " that this process takes_. 
40-50 days and is accompanied by a 1400-fold increase in the volume of ^e^ - 

" embrvo sac. The growth of the embryo and the accumulation of food 

reserves- in the endoipem is completed by about day 4(r, andL.the..remainttig ^ .. 
z 10-20 days is spent maturing and~ drying-. _ — - _ - ^.^ — ' ■- " 

A~ mature kemel:.1ias three major -parts: the pericarp, endosperm ^d 

- embryo (Fig. 6)?" The> pericarp , the tough transparent outer layer of ^tji^ — 

Is derived from the ovary-wall' and is therefore^genetically identical. 

to the maternal parent. ^The- endospeon and embryo represent jthe nex_t.-- ^ 

generation. - - ^ ~ ~ 

- " The ^endosperm' -makes up aboj£t.85% of the weight of the kemel-an^Js 
_ the- food source -for^the embryo for several d?ys after S^^fiPJu^^^^'- . ~ 

-food-takes the form of intracellular Starch grains protein bod^s and is^ 
^ concentrated to varying degrees in^ different parts "yof „t^e e^^^^^ 

(Duvick. 1961). In flint-type kernels the "concentration of starch ^and 
protein bodies Is higher around the periphery . t>f the endpsperm, than tiie - 
center giving the endosperm a hard, corneous external lay,er;,,_and a soft, 
gSSkr^ISfr In dent kernels , . the granular tissue extends to^the crown^ 
Zf the endosperm so that it coUapses upon drying and produces, a . distinct 
indentation. These two traits are polygenic in their inheritance and are 
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Characteristic of specific races of maize. Other common endosperm traits 
such as sugary, floury or. shrunken, are single gene .mutations and can exist, 
in either a flint or dent background'. _ . 





Eigure 6. Longitudinal sectors of a mature dent---kernel, taken perpen- 
dicular* (left) and paraUel (right) to the upper face of the kernel 
(after Kiesselbach, 1949), pe - pericarp; en - endosperm; al - 
^aleurone; sc - -scutellum; co - coleoptile; pi - plumule; ra — 
radicle; cr ^ coleorhiza, _ . - " --t^c 

Much, of our understanding of gene ' action -in maize is based on the 
analysis of genes : affecting the pigmentation of "^the external layer... of fhe 
endosperm, the aleurone . "This specialized single cell layer is the only part 
-^of the endosperm capable^ of becoming" intensely pigmented.-. Interrial~_endo- 

- -sperm cells may be either yellow or white* - - - - i-. . 

The embryo is^lacated on the"! broad side^of Ihe kernel facing the upper 

- -end' of the^^ear, beneatS a thin layer of endosperm- eeUs. Most of the., tissue 
Tin the embryo is part of the scutelluiD, a spade-like structure"^ concern^; 

with digesting and'" transmitting tor^the* germipatffig seedhng -thernutrients 
stored in the endospemh^ "The ^shoat- and- root axi^ai:e*recessed in«^the out^er 
face of the scutellum. In a mature kernel, the shoot ( plumule. phas 5 to 6 
leaf primordia "-that^are- arrested al:' successive stages of development-^ (Abbe 
and Stein, 1954). Surrounding,. theT shoot is a cylindrical structure called"; 
The coleoptile , .Upon germination, the--coleoptiie: elongates until..it^~is above ' 
ground and is then ruptured by the more rapid expansion of ^the roUed 
leaves within it. The root is enclosed in a sheath of tissue 'called the 
coleorhiza , UnUke the coleoptile, the coleorhiza does hot elongate very 
much, and gives way to the radicle as soon -as It emerges from the seed. 
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" . , ^ " ABSTRACT. * _ ^ 

Determination of parxrntagc is fundamental lo thejiudy 5f biology and. to appUc^dons such as the 
rdencification of pedigrees. Limitarionno snidtcs of parentage have stemmed from thc-use of insufficient 
"^liTnher Of h.pen-ariablc loci and^mUmaichcs of alleles that can be causcd.by muia^on or by laboratory,, 
error and that can generate false exclusions. Furthermore, most studies of parentage have been Hniijcd 
to comparisons of small numbers of spedfic parent-progeny triplets thereby precluding large-scale sui^cys 
of candidates-where there may be no prior knoxvledgc of parentage. We present an alf orithm^that can 
determine pvobahilit>''bf parc'nta^ in circumstances where there is no prior knowledge <>r]^ccltgree and 
that is robust in Khe face of niissihg data or misi)pcd data. We prcienc data from 54 maiic Hybrids and 
5S6 maiie inbrtrfls thai vx-ere^profilcd using SSR loci including simulation* of addltjonaUcvcIs of 
missing and mistyped data.to^demonsti-aie the uiilii>' and Aexibiliiy of this algorithm. ^ 



DETERMINATION of parentage is fundamental to 
the study of reproductive and behavioral biolog>-i 
The increasing aN'ailabiiiC}- of highly discriminant ge- 
nedc markers for many diverse species provides^the 
potential to uniquely characterize individuals at numcr- 
- ous loci and to tmambiguously resolve parentage where 
genealogical r'eladonships arc unknovm, in^rror, or in 
dispute. 

Idenufi cation of parent-progeny relauonships in ^^ild 
populations of animals and plants provides insights into 
the success of various reproduciive* strategies (Ell- 
STKAND 1984; Smousu artdM^.\CHeit"1994; .AlderSON 
eial 1999) and has allowed- for ihe implementation ^ 
of management programs lo conserve genetic diver^itvv . ' 
^ (Miller 1973; R.\nnai-a and Mount aTn 1997.) ^The 
' association of pedigree \viih physical appearance or per- ^ 

« formance in domesticated animals and plants allows 
parents that have contributed favorable alleles for desir-^ 
able" trails through selective breeding progr^s to be 

' "^identified (BowERs'and Meredith 199'L.Strc et al 
-1998; VanI^an and pAnDV 1999). Thcsc-applicaiions^f- 
"^associative genetics facilitate further progress in genetic 
improvement through"breeding: Establishment of par- 
« entage is^Uo useftil to secure Icgalcrights of gi-uirdian- 
ship in humans, to h^elp protect iniellectuaJ property- in ^ 

* _plant varieties, to validate breed pcdigrees^of domesti- 
cated animals', to protect stocks of fish» and to idcndfy ^ 
provenance of meat that is av-ailable in supermarkets * 



^ TcNXs- M. D. Aittlciiion C^aruri fVniiT. );iJ.t Hf)lcortibE: Blvd.. Bux 

4-|T. HuiULon, TX 7TM;ttU|fl(»y, F,>ni:itl; ((hcny^iiutuiclL i-><;n.ori; 
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al 2000). _ - . . - 

Most studies of pedigree hJ^ye utilized exclusion analy- - ^_ , 
sis where thc .molecular markervgenoty-pes of either . one 
or a restricted number of po.ie,nija] triplets of offspring.,, 
and putauve parents arc compared. -Often the identity 
of the mother is not in querSUon;.the matemad profile 
is subtracted from that of the^o'ffspring and the deduced 
paternal profile is thenlcompared uith candidate father 
gcnot>pcs (Ellstrand 1984; R\MftiCK and SCHNAfttL 
1985). Individuals ^\'ho could not have contributed the 
paternal genotype are excluded; the remainder are pos- 
sible parents. Nonpaiernicx* in*humans is generally de- 
clared only on the basis of ^ei^jTcUisions exhibited by. at 

least c\vo unlinked an'd injdependent loci. TJ:i is criterion 
of exclusion reduces the likelihood ofa false declaration 
of nonpaternity on the basis of. marker results that arc 
actually due to^mutatioii.\vithin the phylogeny. BUN 
Zai (199S) sho'W that evidence-of nonpaternity -should 
.require.exclusion5 at loci on^ifferent chromosomes to" 
av^jd -erroneous conclusions that would be made due 
to nondisjunction at rnSbsis leading to uniparentaljL^u;^^^,^ 
heritance. A'requireme'nt for at least ihree'in dependent 
"exclusions to declore'rvonpn.ternicv' in hiimans jias also 
been i^5titutedlGuN.^vtCf^^• ^^97). In studies:of-naturaJ 
populations of animals or plants ^^;here numerous^par- 
ent-progeny triplets arc examined it ismsualHO.accept 
a single exclusionary event as evidence of nonpateniicy 
(Marshall et al 1998). P:uernity testing hai> been ex- 
tended to situations where DNA from either parent is 
una\-ailahle. For example, paternity can still be estab- 
lished in circu(nst:\nces where the putative father is de- 
cease clbuijiispa^^ are still alive. (Hki:.minkn W>/. 
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ckniMPsmuo ihut puU initx can Ik (U^icrmliurd in aLSt■^ 
where the moOit-T is uauwiiiiiblc ^or loiuig. L-'^j^**-' 
Hi pHUr.illy rL-c."nMnicu:a ihc ONA profile ot ;i 

niirvMag crocudile partMU using pi-ofilcs of the mD^hti* 
and progeny.. _ : , 

report diac rcJ'tVSvcf Lip«»n csdu'iiotruirsue hus 
usuidlv failed to lui^wgJvigufHisly rcsolve^patefiiitv*. Linii- 

* '^tatioiii h;xve scenirrfeSTfrom die use of an msufhciem 

number of indcpendeiu-hypcrt-ariable loci. Other stids--^ 
ticiil methods are thertfore required^to calculate thc- 
liUelihood of patemi^• for eac:h -nonexcludcd male 
(Berry and Ceisser 1986; WtACHtR 1986; Ms^^oher 
and Thompson 19S6i.THOMPSOM^and Meagher 19ST; 
" DtvL£N eial 1983; Berrv 1991). Marshall ^z/. (1993) 
'dra\vauendoa tothe quality of data dnat is encountered 
practiolW in genotvpic surveys. Maternal genetic data^ 
ma>; Of may noc be a^Tiilable, <iiii:a,.maY be absent for" 
" soiTie candiclaie males, daut may be missing for i<.>nie - 
loci in some indi\idu;d5,^un allcMcs exist,:and C)'ping 
errors occur. Reconstructing or validating the pedigrees 
_ oFvarieties of cultivated plants often provides addldonal 
challenges because their phylogetiies can reveal a^Jpii^- 
- ent exclusions that masquerade as non-Mendellan in- 
heritance. For example, apparent exclusions can occurs 
in circumstances where an individual is used as a pivreft t 
prior to completion of the inbreeding process. The de- 
Vfelopmcnt of parent and progeny then condnue on 
parallel butseparate tracks thereby allowing tKe^possibil- 
iiy that alleles that are subsequently lost through- i n- 
'• -^ inbreeding in the pai'ent can sdll become fixed in the* 
^Vogeny. It is also possible to create many ofFsjSring from 
a single mating and to ase the same parent repeatedly 
' in "l^ickcrossing " Therefore, many indi>idual inbi:ed 
- -.lines, varieties, or hybrids can be highly related. In con- ^ 
sequence, there arc nutttcrous (and often very similar^^ 
■ pedignces. The effective number of marker loci that carT ^ 
discriminate between alternate pedigreesjs propoxiii^n* 
ally reduced ^ parents .are increasingly related? Conse- 
'"*^(^ucndy, inbred lines can b«f more similar tO^ one or 
Tmqre sUter or other inbreds than those inbreds are to 
one or both of their parents. ' ^ 
-It has not been usa*dlo search among hundreds. of 

* indhnduaJs to idendft* the most probable maternal and 
patcmarcandidat«^for a specific progeny. Most studies 
of-par'Sntage are in circumstances where 'thesis aj^riori 

. information for at least one of the-parents (tisually the * 
^ -^maternal parent). Limited aval lability of marker loci and 
the lack of verv- hi gh-th rough pu[""ge no typing si.'^cems 
*cL::rofferihg inexpensive datapoint costs 'may have- foe Liscd^ - 
^ fc^eaiih on situdies tlvat itu-olve relatively fe\v:i[Klividuals 
and where there is at Icasi some a pritm inditiuioa of 
piirrntage- Scudie:^ that have brcn L-onducted withoui a 
//r/fNf in^jntuuion on p\\iwi\\)iv' include species wht-rc 
iv'piuductivo heliaviwr (^MUU-K idt-nuli cation ol'ihc nui- 
u-rnal p;ut'ni difficult or inipooihitv Examples iudurlc 



tho^L- utitlcnakcii on i?ircU th;u pvuc iK.t- bunA punisit- 
i.iii fAMU'.KSuS el ai. 'XKm) cMrn-pair copuladon 
(U'hTl us et ni l^^yi) or on species such us the wombat 
i\\M arc dilTiCuU to ohsenr in Vhc l^■lld^^ anM.ok d f\L 

Two circumstances favor" a revised approuch to_the 
stadsdcal analysis of^edigree.Tirstr molecular marker 
Lcchiiologie^^-arc rapidly deveii^tj inland will allow nti- 
mcro,u;>-^locr'tb-bc c>ped./orjdunwancLs^,of individuals 
mpiTff^nd inexpensivcK\^ aV'--^^^^ numbVr^and diver- 
sity of lafger-icale studies of pj^ligrtjtf caVbe expec-ted 
within the planund.animal kingdt>ni.sincludingmdind^ 
uals in which tKere Jirno-prior knowledge otg.edlgree. 
ATlapger number of markeo mean a grcatfei' chance. — ^ 
_for errors. Therefore, th^^econd circumstance follpjp: - 
Procedures that are" efficient and-rObustJn the face of-- 
apparent e^clcisions* missing data, an d-laboratorf- error ^ 

Sre required- -^^^^ 

The purpose of this ardclc Is to describe anjd evaluate ^ 
a methodology-thatcan b^iised to quantify the probabil--* 
ity of parentage of hybrid^geliotypcs^W^ focus on par- , 
*eiiiage because it is the primarj; focus of^publishtd litera- 
ture and it is the easiest level of uncestr>' to understand- 
The method is robust in. the face of mutation, pseudo- 
non-Mendeiian inheritance (apparent e>;ckL?ions) duerr 
to residual heteroiS)*gosity in parental ^eed sources^ miss- 
ing data, and laboratory errjDr.The methodology has a 
niiniber of advantages: (|). It can-accommp,date large^ 
datasets of possible* ancestors (hundreds of in bredSj jpr 
hybrids each profiled by >100 .marker loci), (5i) it does - 
not require' prior knowledge about cither parent of the ^ 
- hybrid of interest, (iii) itdoes not rcquire/independence — . 
of the markers, and (WNt can successfully discriminate^... 
bct^veen many highly related and genetically ^icnilar ge- 
nocvpes. VVe demonstrate the effectiveness of this ap- ,w 
proa<;h to identify inbred parents of ma^ize (Zen mays 
L.) hvbnds using simple.seq.uence repeat (SSR) marker 
profiiesfor54 maize hybrids' together with their parental 
' and grandparcntal gcaotvpes'^included ampng a total 
of 566 inbred lines. The methodologv^iSr^Lppli cable to, - 
the investigation^of parentage for all ^progeny developed 
from parental matingjviihout subsequent gcncradons 
-of inbreeding. _ -oT: ' ^ 



^ _ MATERIALS p[ZTBX)OS^ ^ 

Algorithm; Con&ider-^n .index hy§iid whgsc-parencigr jiV^, 
unknovicn or in di5pute.Jnbted$ in :iri aviiiiable databs^arcl^:. 
posiiblcLancestors of ihe hybnd. TlrtrobjcrtiVe is to^Hnd the 
probabilities of clolest ancestry for each^'irihred'^mrthe bwts 
of "in t'r J rm? ti Q n from SSRi^fro in the ' i'iuie s-h y hri d , and the ^ - 
irihtcdis.^hcre Ia no rc^ison to ^rinA^'chr <lnrjbu?;c by removing- 
inbrecLs ihuught to .b,t: unrelated to thr hybrid because 
-thciiMack of rciacionslup uilM^c di.scovyrrd.^ 

tV»iiNictcr a pair of possible: inccsior*^. inliied /' and inbred 
rhd-ris nothiiiii'Jipcciiii ,\b^^^lt ihiC'pilVm tiUii p;ur as all 
jMiT\ w'iW br tre:uc-d '(iiiiihtihvThr prMr.-<^1irv<»Isfs ralruhuin:^ 
^iu- pn*bub.ilic>' diiU inbrtcls / and /aif in ihr h\ bridVs ancestn , ^ 
iq)<^;iriii>j ihi.s for all pairs of inbrcd\ in rhf (btabase. 
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th u/^viKlnuc anLcslnr<.aflK'intleNh>biifJgivriiclu'iiU'i.-iiM- 
cion from the .'nri.uiN SSt^s. LcM Pf /, st;u;d tof ibc i.iit;onrU. 
li^ituil (..r priou (M^jhabilUv of clir SiUMC " or iif . Fm.ilU . 
P(,SSEUU» /) is thr pr'^b.tbilUv ol' ohse:\iil^ Clic v;tnuii> 
resulLs if ill faci / ;iiuL ; arr anccstun. &=iy<?s' nUe H;iys 

i ih^rdciiyniuiiUoi* is OVff p'allS (if iiii>^^d:>. 
^ indexed bv iiuncU-. /^fSSFU •:/./> J< PU, j) i.1 one 0^3^ ^t:ru-\> _ 
in th^: der^ominncoI^'^^'Fo cor^putc thtf dcnominacor m the 
^bove expression, fi^ a pnrticulixf Ofder co-ihc iiibieds in the 
d:\^;ibaie and take n < v in cxpteSioni involving chc pnir (u. 

- v). If there arc 5S6 in b reds. -for cjcamplerthen cbe number 

* of^airs and ,ch< nvimbef of in the *acnon»inator is 

- -5S6l557)/2 = 171,991.) Tnbrcda i and /may bc-parcnw or 

grandparents or ochcr cvpes of relations qr^bear no reladon-- 
ship at all to the hybrid. U there are moce thin cv^o ancestors 
in the darabwc. such as both parcnts^and all four grnndpiu'- 
^ cnts.^then the possible pairs invoMng these ancesiors^vill ^ 
-'gencrtllv h^ivc ihc highest posterior probabilities. If the hy- 
' - brid'» true parents are in the database, then as 3 pflir iney v,1ll 
t)-pic ally have the highest overall t>osiericii probdhility. If both 
i and /happen to be rcU-itcd to one particuliir parent of the 
"hybrid, then as a pair their posterior proK\biIity will be low 
because they will not usually account for many^f the iHele'i 
thai arc contributed by t^ie 'other parent oF the hybrid-^ 

VVe vtiW make the "no-prior-in formation" awumption that 
P{7i, v)ls chc same For all pairs (», v). This imptics that chi^ 
factor is cancelled from both numerator and denominacar in 
the above expression, giving: _ . 

' The problem is then to calculate a topical ^(SSRalf'.y). .Assume 
inbreds i;md;^»re both ancestors. Wc calculate the probability 
of observing the resulting hybrid under this assumption. We 
make no assumptions about relsationships amuny the various 
inbreds. Other po^ible ancestors will be coniidercd in»plicidy 

-in the calculadon by allowing their alleles to be introduced^ 
through breedings \vith iand / However,- the nature of such 
brccdlngsjs-not specified. Suppose inbred fs aJIeleb^arc (a. 
b). E^ich descendant of inbred / receives one oF ch^se v-<o 
alleles or^noc. An immediate descendant receives one with 
probabilin' 1 (barring mutations). A second generation dej^ 
scendantj-eceives one of them with probabiIit\' 0.5. .Xn^'so 
on. Sincc*dcgree*of ancestn' (if nny) U unknown, we label the 
actual pfobabilicy of passing on one of ihese alleles to be P, 

• Simtlarlv. an allele from inbred 7 has been passed do\vn to the, 
hybrid or not, and the probability of the former is P. In the 

- following. PwiU be taken to equal 0.30. although we will also 
consider P ~ 0*yQ in some of the calculations. 

•Assuming P = 0.50 is. consistent, with'^the closest ancestors 
in- the database being grandparents.- Ho^ve\er. wc -are no^ 
interested in grandparents fr^ st. If the do-scst ancescoxS? 
the database were parents.^then as Indicated abpve^^P should 
equal*'M,t.^oring mutations and labojaioiv^ri'ors). Our^prti- 
marv concern is when the-parcn« arc nofin the database- In 



arc likcK to h^; idi-mihcd bor:m^r ^^ill UMi; 
k'l^M'M nn>nUllchcs''oj' the tinr^. ctiM^idrrt'fl. 

\Vli<ii'/ und >are ancestoiN rht iv jrc four povMhiUtics: ( li 
Ti\e alleles of both inhreds • and / were passccl to the hybrid. 
rJ) inbrud / caiue throu,ij;h *V^in nut, inWied ;.,.(")^inbrc(l^; 
came Through bite mitjiVbred /. and t-ltjieithef inhrt'd t:^^}^/ 
throu:zh. .\ssaming indepcndeiKX, these' have respective proh- 
ahlUtics P\ f*0 - AO. W" - a - y^^-J]} ^j^' = 
0.50. all of thcie probnbHitie.veriu:il 0.25. ' ^' 

An in.stance Of the law of iOtuUprob<ihiIic\ (Sec. 5.:J. Slrk i' ^ 
I99j5) is that the probability of;qHs£:r\nig a hybrid's allelei is ^ 
chqaverage of the ctJifditional pi;:ohability of this c^;ent^given 
ihe^bovc four cases. The simplest of^che fotir^ases is the 
^■rirpossififlitv: Assuming ihe-hyb;:ld's alleles arc p;isjed dowiT 
■^irecilv Jrom' bocli'inbreds. the prnbabilitycOf_ob.Ser.ingnhc _ 
hvbrid''s"genoc\'pe is ekher I orgOdepending on wfiether the^ 
hvbdd shares both, inbreds' aUc!Sr.*^(Uxis especially easy when ^ 
both inbreds arThbmorv-gOLiS.) The other tJiree cases^ «qi^[f-C- 
an assumption'^eg5rding,thc pos.sil>iUt>- that'an ir^J>rcd'.^ allefe 
is not passed to ihe.hybrid but is interniprcd by.::a mutation, 
a laboiaiorv^errbr, or'inTerv'enLng breeding. We regard such 
^ an 3}h\<: as being selecte<^Trom all known alleles with probaKil- 
ity 1/ (number ofalUks), whcr« ihe number oFjii!»-It^s the 
"total number of allcIcs^H^^'n tn exist at the Intu.i in question: 
An vUteinaiivc approitch ivoUtd be to i\sc_che allelic propor; ^ 
tion.'^ dv.tl areprcientin the datiibj.>C (or m^in other dntnba.se). *^ 
However, the lines in database may. noctbe randomly se- 
lected from any populajipn? For example, a Une that hd^ b€t^n„ 
hlt^hly ».iscd in'breedingAv^tuld have muixy- derivative lines, in 
the database., jn which case the frequencies ofj^? alleles :%'ill 
be artificially inflated.,^jurning equal proba'bilitiej for the ^ 
%-arious alleles ac'a given locus is robustJn the sense that'it is ^ 
not affected by addinij and dropping lines from the database. 

There arc many cases' to consider when compuui\g- the 
probability- of observing a hybrid's aileles. depending on the 
zygosity- of THc hybrid andjhc inbrcci5,.and allowing for the 
p'o-ssibility of missing alleles or "extra alleles" in the assessment 
of the hybrid atl'd inbred genocv'pes. These pbssibiliQes are^ 
coo numerous to Usl Instead \ve give three simple examples., 
^ All the examples have Homozygous inbreds. the most common 
'case. .-Vnd each of thexhre? hyblid^' hoii two L\llel«s. agaiiv?^*^ 
most comnioh case. We suppose that the measured alleles for 
three SSRs aiT^ a particular trio of hyhJnd and ancestor inbreds 
arc a.s we have indicated in Table I. 

For SSR I there arcTffrce known alleles, one in addieiorf^ 
to alleles a'ahd d thai acc listed for the three lines (hybrid, 
^inbred L andj-inbre"d^) in table 1. For SSR 2 an^i SSR 3" 
there arc ovti kTibwn-^llclcs in addition to .thosejistcd. Jhe 
biUcy of passing on one 01 mese auetcs to oe r. ^ j^^-^^^^ .^e right half.oFTabre i'wiU now^ve explained 

allele from inbred, has been P^_^ed do^.T, .0 he^^ J^lc „iculadn'. PTsSR*ti.>4s the ^ssumpiion-rWl-ed 



Implicii in calculadng P^SSRIT;) is the assumption- _ 
in both the ntanerator and denominator of Bayes' rule-r-ib.at.. 
inbredsj and ^ arc ancestors of the hybrid- .^ionsider 55R-L 
In case i above, both ancestors" alleles (as nieasurcd j>v^ttic;- 




, we^sunjc I 

passescto thc-hyl?nd hue iahred /stioes not^ Indeed, the hybrid 
. -v,;« n -.n A«t.miT>ff P - o robus?^ has an'« allele. The pro6abtlic>- of obsetaing.a.i^as the other 

- this enseals no r^aterthanO.^Ch.^u^^ ^^^^^^^.^ l/(„umber-Sf alleles) = 1/3. asj^c^wn. in Table 1. 

C-vse 3 is^sfniilar. hvcase 4._nejther ancestor alleleMs p.assed 
"to [he hybrid:.,the probnbiiia oV obscTMng the hybrici;s_gcnc- 
tvpe ^oi'^^ahy heterowgoiw gcnor\pe),xs '2('l/3H l/3V= -- ^• 
iiincc P*= 0.50. the overall j'uncunditional) prohabilitv in the 
riirhEilick^t cokm^n {\7: 'MV) Ls rhc 'iinipl<^-^.ivtrraL;e-of the four 
cnsei. v\?* indi<.acetl in T;\hlc I. * . 

Ynr and .S.^R 3 the LiUculatinns mc ^iini}:"-, tor S'^R 

\l rKere is *;uM»t: eviflc.-:irc iit^^unsr p:iir f/. /) iR'ing .nu'.estors. 



over Che micldlc range of pt>ssi bier values of P. One wtiv i 
r-,which it is robust is if there mny benunarions ;nid bbi^finoij- 
''errors, in which cose /> vwould have co;.btv<l% Taking P to 
"^e^qllal-O.-iO lev ies little penalty .\gainsi irpurticulai pair in which 
^'thei-c an appurt-Mtl csclusion From direci pnronliij^f. Thr re' 
fore takittg ^^;o br 1 means that if the true parenc.-, art m 
the Hnr.itv.tsf Lhrn rhcrv '.uH tit it he rnletl nnt if h\v\X hap[>*-n 
tt> l>c inmarioiisiUKl iahorjturT enoi-s. .-Vntl if lh<' rk^-tNt nut c-^ 
tors in [he dntulKLs^r are more rcni(.»tr than .:;i\tn(tp.irt'!iLs 



. Vhr 



' Received from < 515 334 6883 > at M03 1 1 :32:22 AM [Eastern Standard Time] 



02/2S/ 03 FRI 11:47 FAX 515 334 6883 



PIONEER HI-BRED DSM 



El 051 



Nit*. 



ProbablUtv of ob«e^in^ . hvhrid-B allcU-s asi., Ch^.e .ample SSft-s and ,o^ p^ (c^es) 



Pirjlwhilicy of nb:^cmii;^ the 
hybrid''; sr'ri><jr>P'- « 



Inbred t Inbrc" ; ^ / 



Case 2 



pruhnbilicv 



1 

3* 



cc 



a 

Oil 



1 

0 



^73 
-0 



1/3 
0 

0 ' 



2/9 



2 36 




SSR. Vmiplc sequence repcac marker pmfiir. 



buc it irnoc conclusive. For SSR 3 there is even lew evidence 
favoring pair (i,y>- It would not take many SSRs wtih'«viderjce 
. similar to'chat for SSR 3 to essentially rule out chis^piur— 
provided that other pfiirs are not simibrly ircomisteni. 

To find the ONCit(ll P(SSRsii\y). muliiply chc indmdu.-tl 
PfSSRl/JLover the ^■^t^Qus SSRi. There are purely conipiu:i- 
lional l&suc"5^to^^tdrL-i.s; Each PcSSR! is n luimbtr becwccn 
0 iM\d li-WheiV there are n grcr^t iv^ny SSR,s, tbe product of 
these numbers, vvill be vtinishtngly small. To lessen probleios 
*"with computational iindcrno^v, for each SSR-^we muUipiy 
/^SSRIw, v) bv thc-iame constant for each pair (u, v>; thtr 
inverse of the largest possible* such. prohabilic)'. For example, 
since 17/3$ is the larger prpbabilit:/ for a heterozygous hybi jU 
ac 7M\ S5R having three alleles (as is the case for S5R I in 
Table I), we mukipiv all factors P{SSKnu, u) by 36/17. To 
' eliminate remaining prohlcirvs with uaderflow. we do calcvia- 
nonji usinj ii>garithms (adding instead of multiplying) :uia 
take analogs at the end - 
* ■■■ The probabiUt>' PtSSR I u. y) Is calculated for aU (u. v) pairs 
smd summed Over all po-wible pairings in the database, include 
ino- that for the inhred pair under consideration: [L j). This 
gives the denominator in the e.^cpressLon for ^(i. yiSSRsi- 

To determine the probabiUc>- that any pardculur inbred.^sny 
inbred i. is the, closest ancestor of the index hybrid, sum ^ 
PtSSRii. y) aver all inbreds vwilh V = / L C;ill ,this P(ilSSRji^. 
The maximum of /'(itSSRs) for any inbred £ is 1. Bat since 
chcrc is one'clo;>e.st ancestor on each side of the family, the 
sum of /^iiSSRi) overfall Inbreds i is 1L If there is a parricular 
. pair forwhich A^;ISSRs» isclose to Kthenboih'/>(tlSSRs) ^ 
and /»(/1SSRsr separately will be c!o.^ to 1. 

SSR data: DNA xvciy.e'xcrtvcicd from 54 maize hybrids*and^ 
from 53e maize inbreds- Ml oF the hybrids and most inhj^eds 
- arc.propriccart- products of Pioneer Hi-Bred Intemadonal; 
♦omc imp^rrant publiify bi'cd inbred lin.es were aUo included. 
The inbred parcnta and grandparents of each hybrid were 
incfuded MTlnn, the set of inbreds. Other inbreds Thai xvcre- 
eenocvpcd include many that are^highly related by pedigree^ 
lo par'ents^nd .^andparents of the hybrids. Th<*;hybrids we^c 
chijsetf b^ause eacK h;ts a pedi^e that is knoAvn to ussind * 
Tcoriectiveirthc> represent a .hrorid^aTTTiy of diversit)- of niaixr^ 
germplasnvihac is currently grown inlhe United States raiigingc 
Tram earlv"to bee miuurity. ^i^^- , 

- A- total of 195 SSR loci were ^iscd \n~t\\\n study tollowuig 
: procedures dcscribrtl hi Sntttm rtji (1-V9">. bin modirien ns 
described bctovv. ,S,SK toti ^^erc chosen ou^ihe buais thiv^ the\ 
indi«tUu\Uv hjvf het-n ^hi^vn U> luiv'e a high power of discnnii- 
• hacioivnnioitg m.ilyc iiibrvd Unvi and COUfCtively rhcv pn>vidf 
forai;ui)pHn>;t>f tii^v^it^* hf- clicIi chriuiu.>swuic anil. OOhex- 
(hi- hill' '^^iJi;-; :um»tjcis jr-ufuihcsos jA%eif t'.» .nt'd 
OU individiuil . [iH>riiii>OfiU^ i^A t'olloSNs: I \,X'>i^ - 

{ tt>.. rS I'.M. 7 lb). S { [SK '.) I VZ). -^n*! i" 



"(T4); 17 SSR loci have not yet h^n mapped. The correlations.,, 
amonj'the loci arc junknown and ure'lrreleN'ant fO''^^'' meth-..^. 
odology. — - ' 

Sequence data for primers that allow many or these (ana 
other) SSR loci- to be assayed are available ac^website hup: f' 

- ^^•\\\v\agron.miwiiri.cfiu' All-priint.'rs were designed to anncai^^ 
'and iiiiipliF,* undef'a single ^ci of coiKlitionsJc^r PCR in lO-^il " 

rcaciimi5r;r.cn67nic DN*.\ (10 iv^) was amplified in l.5jnM 
MgCl;, 50^mM itCK lO m>JuTns-CL.(pH 3.3)' using 0.3 uniu 
AmpliTacj'botd DNA polymerase (PE Corporation) olisonu- 
eleoiide "primer paiE's~(one prirncr of each pair was fltiores- 
centlv labeled) at 0.l7.M.>r":ind 0-2 mNi d>fTFs. This mixture.. 
vN/cis incubated at 95' foV lA-Tnin^hot start); ampIified-Msinj^^ 
45 c>'cles of denaturation at 95'' for-50 sec» annealing at 60' 
for 50-5ec, ex tension at "S* for -35 sec; and then terminated 
at 72^ for lO^jpux. A wivter bath thermocycler manufactured 
ac Piuuccr rii-Brcd International was used for PCR reactions, 
PCR products were prepared for electrophoresis by diludni; 
3 jtl of each product to a total qT27 \il using a combinatio,n 
of PGR products-.generuied from other loci -for that same - 
mai^e gcnoopc (multipi««inj^^ anrt7«r dH20. Dilution of . l-^. 
y.\ of chis mixture to 5 \l[ with fef loading dye was performed; 
it was then elcctropho^^escd ac 1700 V for 1.5 hr on:.an..\&l 
model 377 automated A sequencer equipped Avith GENE- 
SC\N soft^varc V. 3-0 (PE^Applied Biosv-stems. Foster Ciw. CA). 

PGR products were sized jAwomadcaUy usint^ the "local 
Southern" sizing algorithm (I'LtycR and Southern l^S'!)- 
After sixing'of PGR products using peneScan. alleles were, 
"assigned using Cenot^per sorcv^^ire (P£-Applied Biosyscenia) . ^ 
Generally^ allele -assignations -for.cach locus, were made on 
the'basis'of histogram plots consistiiTg of-^s5=bp^bins. Breaks 
between die histogrun plots of >hbp were gencraUy consid- 
ered xo-constitute sepacatiorLbeoveen allele bins; hojvever. 
other rriiftria,„.such as the presenoe'^f-Che noncemplatC' 
dir^ced^addidon' of adenine {-^X :iddLtian>>and naturally 

- occurring lJ3p a!lelcs^wcicj.isG<d'On*a^markcr-by"rtiarker basis 
to define«the*- allele dictiO[iar>. Al^ aUeie/scorcs were made 
without !yiowing. the idcnd ties of the maize'senoc\:pc3. --j^- 



^ . 1^ - r RESL'LTS . • 

Tahle 2^greseati the prababiliiy ofclosesc^anccsin' of- 
the to\) fiwvrankinj,^ inbred lines for each of 5 'hvbridrt. 
M P -j.b^jO iTiible ±\\ :uKl P = 0. W (Table. 2B}..;Pi:t>ba- 
biliiics of-aacestr>- are siu.Jwri ft^r \\\\ 54 hvhi irfs ^u^d the 
tnp rimkiniX^iniurdN Iti Fi:i:iut: 1: P = 0.50 (Flijijre la) 
P= 0.\>y iFiK^irv RonuIls for'th'e''iy>hrids^pit*- 
.sc:ued in Tahlc .ir^- t^Mruit-tl s\ tht top of Figure I. 
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- TABLE 2 

ProbiibiU^v of :mce..o of fivt: hybrids u-sin- oScnlned from 30, 100, and 193 SSR lOCl 



50 loci- 



]l)0 to^-i 



h\bd. 



Prob. 



nnbt,L 



Prub. 



SE 



SPl 0,06-)T 
0.30T7 
D2P^ -0.10 If) 
DIP- ^"^0:0907 



3325=^ 



3556. 



3505 



3940 



Pt 
?^ 

DIP."! 

CPl 

CP2 

PI 
?2 

DIP2 

-CP2 
D2P2\ 

DlPl 

SP2 

D2P2 

D1P2 

P2 

P2 - 
DIP^> 
PI • 
DlPl 
DPIP2 



0.3545 - 
^0.8 ISS 
•:«-0.l699 
0.1441 
0>0I10 

1.0000^ 
^ 0,9616 
0.0340 
0.0043 
0.0002 

0.9S22 - 
^0.4957 ^ 
0.2S36 

0.0565 

0:9997" 
^0.9203 
0.0643 
0.0127 
0.0014 



3417 



3905 



3940 



SPl 
P2 

DIP2 

Pf 
PI 

P2 , 
DIPS 
GPl 

CP2^r- 

PI 

P2 

DIPJ 

D2P1 

DlPl 
P2 

SP2^ 
^B!lP2 

?-2 

D'lPt: ■ 
PI 

DIP! 
DPIP;^ 



0.9995 
0.8336 - 
0.0722 
0.0441 
0.0004" 

0.9999 
0.3991 
O.IOOS' 
E4)3 
E-06 . 

1.0000 

0.9996 

0.0003 

£-11 

E-13 

0.9999 
=^0,9992 

o:oon6 

£4)5 - 
E4)5^ 

0^9999' 
0.9999 

:^E^i2- 



0-0 ri-^ 

0:i963 
O.IO.^S 
0.0957 
0.0125 

E-07 

£4)7 
-E-07 
.£-07 

£-08" 

E-06^ 

E-03 

E-IO* 

E-09 

E-10~ 

E-OS 

£4)7 

E^7^ 

£-07 

£-07 

0.000 1 
0.0009 
E-05 • 
E-05 

.0.0009 



0.000 1 

0.1653 

0.1029 

0.062S, 

0.0001 



PI 0.:#7iy 
P2 0.3 lU^ 

DIP- '^^0.Ji^j9 
SPl 0-l2>3> 
DiPl^ -0.00091 



0.51) 
0.023^^ PI 
0.2^35 P2 
0.22?5 
0.025 
0.0002 



DIP2 
SPl 



l.OOijO £-(37 
0.9957 0.003-j' 
-0:00 t3Z_ 0.0033 
E-06 ^£2^5'* 
E-06---^ E^7* 



Pi* 

>2~^ 
DIP2 
CP I 
SPl 

PI 

-P2 ^ 
D!P2 
D5P2 
D?P2^ 

DlPl 
SP2 
DIP2 
D2P2 
PI 

?^ 
PI - 
^D1P2 
D2P2 
DPIP2 



^ 0.9999 
0.5437 
0.4563 
E-07 
E;07 

0.9999" 
0.9997 
0.0003 
^ E-05 ^ 

0.9S03 
— 0.62S0 
0-2321 
-0.1317 
0.0197 

0.9999 
0.9970 
0.0030 
O.OOOl 
O.OOOl 



<:£.20 
<E-20 
<£-20 
E-lSl 
<E-20 

E-IO, 
E-IO 
E-U 
E-15 
E-17 . 

0.0053 
0.0976 
0.0617 
0.0372 
- 0,005S 

E4)5 
0.0011 
0-00 11 
£4)3 
£-07 



B. Assuming P = 0.99 
*Pl 0.9999 £4)5 

P2 0.9933 0.010" 

D1P2 0.0061 0.0107 
DIP I £-03 £-*)6 
SPl E-05 0 



0 • 


PI 


0.9999 


0 




DIP2 


0^9749 


0 


.E-U 


91 


0,025 


0 




D2P2 


E-20 


0 


E-17 


3FI ^ 


E-2i 


.0 




PI 


l.OOUO 


0 - 


0 




.0.9999 


0 


0 


d"iP2 ^ 


'£439 


0 


0 


D3PI 


£-21 


0 


0 


D2PI 


£-21 


0 


0 


DlPl 


079.999 


E4-)8 ~ 


0 


P2 


0.9999 


E-06 


0 -* _ 


DIP2 


£-06"' 


-..-^£-06- 


" 0 


SP2 


E-07 


£-13 


0 — - 


D2P5 , 


£4)9 


£-10. 



-^E4DS-^ P2 1.0000 £i)8" 

E4)8 -_Trp! 0.91W E-05 

""^13 - DIP2 •cEJ>5 E-05- 
E-15 " D2P2 - ..E-12 E-U 

E-12 DPIP2 C5l ^ ■ £-21 



-PI- 
. P2 
^D1P2 
SPl 

CPS ■ 
PI 

P2 *^ 
DIP2 
D2P2 
-CCP2 

Pt 

DIP2 
D2P2 
. P2 
D3P2 

P2 
PL 

D1P2- 
DPIP2 
D2P2 



PI 
P2 

DIP2 
D2P2 
SPl 

PI 

PiV 
DIP2 
CP2- 
D2P2 * 

PU.-- - 
P2 

D1P2 
D2PI 
D3P1 

PI 
P2 

DIP2 
D2P2 
DIPU 

PI 

P2 - 

DIP2 

DPI-P2 



1. 0000 
■ Xl:9635 
0,0363 
£-15 ' 
£-16 

-1. 0000 ' 
1.00.00 
E-09 
E44 
^£-17 

- .l.OO.QO 

i-oooff: 

^E.06 
£437 
£-10 



<E-20 
0.i?52a 
.0.0523 
<£-20 

<E-20 
"<£-20 
<£-20 - 
<£-20 
^£-17 

£-03 
• E-06 
£-06 
£-13 
£-16 



■ l.OOOCK' 


£4)9. 




£.09 




" Ell 


E-17 


E-17 


E-l9 


£-18 


0.9999... 


£438 - 


0.9999 


,^ E:08 


E-H*-* 


Ell 


E-14-- 


£-14 


E-20- 




' LOOOO^ 


0 


0.6135 


0;4446~ 


■0:3364 


0.4446 


-£-48- 


0 -i; 


E-40 ^ 


0 


_ 0.9999 ' 


o*' 


- 0.9999 


0 


*=»E-22* 


0 « 


--e59^ - 


0 


£-54 . 


0 



LOOOO :n«*.£-09 
0.9^47 £439 
0.0052 J^-E-ll 
E-lStt;_ E-IS- 
*E-25j^_E-:25 

" 1. 0000 
1. 0000- ' £-09 
E^t-k -£--24 . 
£-44 £-14 
E-50 ^rE^9 



HvlxL. hvhrid: I.ibd.. iabred: Ptob.. probnbilitv: SF.- st:..,rta.fl.crT<>r, refcriin!,' co the van-,,h.l,ry m^h^-r«ul» 
-of the i-u-is: PI. |>:.rc..t. one: P'J. parent iwo: SP! SP-J. lull "ihlinx <»f pa«iu o.)tr p;>,.:-.u cw. p,1>.iyjD;P,-. 
.deriv;uiv« ot pm^-in o.ic p.-.rc.u^rv.9. jndcs i to. cILmmkc iiib'r<:5l U>i,cs Df lPi. d<:.iv.uiv« oChuih-prtrciu erne 
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a 

Hybrids 

355t. 

3l6t 
"^3163 <^ 
3189 
3JAi;! 

3348 

^ 3332 

ym 

33026 
33t$0 
33YI3 '- 
.>,34U 
3489 

34'>l 

34Bt5 

^CSt 

35U 

3315 

3340 

3547 

3539 

35<13 

3S6S 

33B26 

3SR57 

3730 
3733 
3753 

. 3860 
3S93 
38F7D 
38P05 
38R32 

3W7 - 

3914 

39K38 

Xtl3^3 



C - 



o 
-o 

o 
o 
o 
o 

o 
o 
^2 
o 
o 



o 
o 
o* 
o 
o 
o 
o 



^ C' 



A 

A A 



3 <^ 



A A . 



A- 

□ 



A 

X 



A 



A 



A 
- A 

u >:< >; 

X — X . 

X XG 
X AAi 



X 



X 



A 
A 



A A A 

XX 



A 
A 

A AA 



X 



A 



Ai 



A 
A 



A A 



A A 

X 



C A 



3- 
A X 
X 



X 



A 



X 



c _x 

1^ — 



Ai _ 
CA-O A 



X 



A A 



-A 



x:l< X 



i 

0- 



A X G 
-::r^T 



A AA- .P-f^l^ 



- ' Probability of anastiy (logio) 
'y< X Others G*^'* 



-20 
Parent 



- -25 



S-PI/P2 



Fiovny [ -[.o Pr.>b;.hiUlie* of ..iicesiiT.Ii^siiiniug P = O.r.O. tor .11 54 hybrids and 
with pi'iilv.ibililk ol' ,in(:c:seiy .It le;i.sj 10 ■". .. . , • . . 
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J-« III 



b 

Hybrids 

^525 
J556 
3V05 

3146"* 

3162 
3139 

3i.u: 

3245 

3335 _ 
' 3343 <:x. 
3348 
3352" 
3373 

- 37T90 - 
33Y15 
34U 

3491 
^ 3496 
* 34B13 
340dl 
3514^, 

3540 
- 3547 
3359 
3S63 
. 35«8 
35B26 

3615 

3730 
,3733 
- 3753 
3790 
3860 
3»93 
38r70 
38P05 
33R32 
3902 
3907 — 
3914 
391U8 

- XU32a 
Xn32S 



17 



o 
o 

o ^ 
o 

o , 

o 
o 
o 

o 
o 
c 

c 

OA 

c 
o 



o ^ 
C 



A 



X 

A 



X 



X 



A 



A ^ 



X A 
A 



-A 



A 



AM. 



A 

'a c 



-A. 



A ^ 
A — 



X 2 



-A A 



a: 



c 



X X 



0 



-5 



1 I 

-10 — 
Probabilit>' of ancwUy (logio) 



-^20 



-25 - -30 



'Wieii tilt- iilgoriihin LUiccl -P= 0.50. the iwi) coneci 
p-Ai'ei\K Kerc ideacified us highest in prohabilliv for 48 
(89^pl hyhrirh (fi.uitre \ ). Fov q\\c\\ oi' \M\y^r\cU (3.*SyS, - 

nii»k<:a in the tnp tuo places. The oUa'r'p;irfTu was 
suppktiucd riiln-r b\ -i sister inbred or bv iii'l>red thai 



wns a=K3ire.cc prcji?eiiy t>f th;u par:em?=OveraII. lO'i 194*^^) 
of lOS pzircnial jnhrcds wc,re,cotTecil>vidcncilied. F^or 
hvbrtds where 'h»uh parents ranked first or ;sev»?i^d. iht'. 
range of prohabiliML^ for pur en a I lines that rariked;fii*^t 
fn;m aniun,i; all other inbrcds ranged trom l.lMino u> 
0.99^7;. parental lin.-s nuikiag second .raii.CetJ iViMii 
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anc(.-stn- tnf tu»ii[>;u cf^Ls cluu rankcfl in fir<l i>i scLt>i»fl 
places WLfL- Inicn'O.yj'JV 0. 71)34. Fur the m;tiork>.oi 
1i\!)1'kLs. clic- pr'«b;ihilit\* ut'tUc ihirri and hl^ln.st V.itiktfl 
iionput etuai inbi cd w:is iu oi:.bcUjw.E-f;t3. This iiulicutes 
tluftHhcTV b iisuuUv very' Uule uncertiiint); ;\buLiL cl(i>c'.'«t 

ancestors. ^ 

WtiL-n tlic •±I.i^<jriLl^iu aied P = 0:99 to c\;uTiiut; eiich 
" of the 5*4 hv hrids, hoch pai;gjm were'correctiy ideiuifiecl 
for o'2 m'^c} of hybricb and fo?98%- (l02/l04Lonhe 
"piLi-en to across nil hybrids (Figure 1). Two hybrids {39l4_ 
ancl*Xf)9l5A)/in which one parent uns noi ra-nked in^ ^ 
the -top cwo, were also In the subset not-rinked in the 

- top tvvo'assuming P ~ 0.50 (above). In both rases their^ 
^ ranks improved (both to third nuik) and the accual^ 

parent xvos supplanted .by an Inbred that \va5 a direcc 
' progeny^of the corresponding parental line. For 49 hy- 
brids, both parents h;^d probabilities of ancesLr)* in ex- 
cess of 0.999. Ainong the 5 .hybrids having a-piirciu 
ran king- second ^v-ith a prob:.ibiIity of 3nce$ny b<:Iou* 
0.999, the lowest of these probabilides was 0.S976 and 
,the highest probability -for a diird ranking nonpiirenc 
was 0,1023. For most hybrids the probabilitv', for the 
third and highest ranked nonparental inbred was at or 
below E-10. ^ 
' Table 2 also addresses data analysis in circumstances 
where heterozygous locuoccur in Inbred lines or where 
a hvbrid is scored for thCv presence of more than two 
alleles per'loctis. The presence-of more than a single 
allele per locus in inbred lines is an infrequent occur- 
rence! n welt-main taincd inbred development and seed 
increo-sc programs but is possible because ^3-5*^ of 
loci can still be scgregadnj and imin tended pollination - 
from genotvpcs'not designated as parents of the hybrid 
can occur. For hybrids, more than cwo alleles per locus 
can be scorcd^when DN'Ams extracted from a bulk of 
indi\idual plants and because inbred ^pfirenffv are noc 
homozN'gous'dite eilher to residual heterOiE>gOSiCv' or.to ^ 
contamination*or becaus'e one or more direct parents 
of the hybrid are themselves hybrids. The presence of 
^ore thim one allele per locus in'an inbred line and* 
more thuiriwo^aJleles per locus in a hybrid therefore^ _ 
can/5e accommodated by muldple'runs of the algo- 
"'"rithm^ each with a random choice of ^yo- alleles per 
* locus. Consequently, standard'errors in chc case of ana- ^ 
lyzing c&ia from 195 loci tend-fo.be very-small because^ 
there wer^ few loci where an inbred or hybrid sample 
(from a bulk of individual plants) was scored for mure 
than jwo alleles. ^ . * 

» - -vMarshai.1. etftl. ( L W8) have rlrawn atiention to errors 
-—-that can be encountered in genotypinj? surreys.- These 
- errors inckute nii.ssin:.^ data, null alleles, and c>-pini^ er- 

- nirs". VVc thtrcfntt; invL->ii>r:uL-d the rohu.^iness of the . 
ai!;i;»nihin hv e^aniiniu^ chef efttfcts oti niodihcatinns iti 
lIk- cUt.i t'ov rtvc hvbt id> .lUlT, :jrv^5. 3:1.^1*1- 'yM>:K .md 



t^D lO;. FIiNl. wl- reducrd the number orS-SR.-* tiscd. from 
ihw full ^et Df lOfM-M and tliLii^to ."lO (Tabic ^K.Use 
of j{) Inci grut-raicd i^tiLorrt:ci rankinjj;^ of one parent 
for L-ach of two hU>iidv and rWO) and for l>*jtlv 

p;uvms of one hybrid !:»W»r>». .\Jl of ihjr^i^ niost hi.^^hly 
ra n ked no n pur c n t^l i u b r c d.s wc re cl osely re 1 a te'd to^ the 
irue parents for each of the respective hybrids; si^:xlil'ft^:- 
cnc inbred Utics^ve re involved. Four were direct progeny 
of die true parents "^(one with additional backcrosses 
^from^the mie p^ent)jihd cwo wer£.full sisters (from a, 

*cro.sS'Of highly relat^jl inbredl'i'of the actual parent of 
the hvbrid. UsingXOOJoci resulted in correct parentiif 
rankings for all hybrich^.except for 3905 where neither 
parent ranked^in first oi::;second place. Four inbreds 

" outranked the tfuc parents of 3905. All four nonp^rcnis - 
were closely rclalcd to the respective true parentsTtFTree 
^vere direct progeny of 5\e true parent of ^e hybnd 

"*(one with additionaf feackcrossing to that^parent) and 
one was a full sister of'the true parent. Use of cfata 
all T9j loci co^n'ecced die placenuMU for one-of die* 
parents of hybrid"390^. Two tubrcBi dvvit were not par ^ 
ehts of this hyUiid reniaihed t anked more highly thaii 
one of the tme parerits*:' Both were direct pTogeny of 
that parent, ai\d one or'tlhcse inbreds Had-additiotiitl 
backcrossing to diat parent in its pedigree, - 

To address the consei^ucnccs of laboratorv^'ani other 
sources of error, we ardficially compromised data qual- 
icv be>x)nd the level ongiiially provided by eliminating 
specific proporuonJ'&f alleles chat had been "scored (es- 
tablish in g.scenarioJ' where t-arious' numbers of SSR al- 
leles were not scored) and by missforing other alleles 
(establishing scenarios where "various numbers of SSR 
alleles were jCored Tricorrecdy). We also cornbined "the 
scenarios of mi-ssin-g data and wrongly scorecl data. Table^ 

_ 3 contains' a summary of the* results of -making these'^'*" 
modiftcadons in the data.' For all modifications we used 
data from all SSR loci and-we also randomly chose SSR 
loci to create *ubsecs*QF-50 and^lOO loci. In each case, - 
'the program was rtm 30 dmes fox 'eacH;:hyb rid/set of 

^ loci- When all 195 loti were- examined; repUcadons dif--*- ' 
fered only according to-the particular c ho ic^tif alleles- 
for loci where more than ^vo alleles had be^ scored. ^ 
To^ex^luzftc robtxstne^« in chc^face of mi^ng data-or • 
nfi^typed^data^ we sinudated-intt^^'idual an^ c-ombined 
categories of diese data in^ the' hybrid ^nU alL inbred — ' 
lines at levds^of:2» 5T 10, and 25% the allelesjor each^^ 
of five hybrids andTillnnbredslDev^nd ih^ level of error 
:x5 originally scored by the laboraioi^jJ^Vg^xamined the_ 
effects of -the^e levels^and jypcs of err<5r.,for three sizes 
of database: 50 loci. lUO foci, and all -195 jco red loci- 
- The same five'hybrids cousidcvc.d »i> Tiibl^2 were invcsd- 
• g;Uctt: ::V417. 3525. 355B.<W:i; and 3940. Qne^.f >chese. ... 
hvhrids (SWj) was chosen hrraastr one:oT its parents 
did not. rank among the top two pl:ices even when die - - 
OHnplcct^ and unniodilicd (Uua \'r<>:n all SSR Inci were 
used. ■» 

Hsiainplcs f)f nibu.Moe.ss iu rhf t.icc (^f .Kldidonal error ^ 
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I). A. Im-m\ "/ ti/. 



h>i !i\t- iiyhitds HNii^-i •iuh'.fts of T)!) and HH» luci anfl aH 
ItiM aiv siitmtl iti T:ibk* 3 vvln,-iv iiuml)ci's ul' p;in;ni.N 
rajikiii>; iiui> die top wo piuccs are prc^ciuctL Derj^radu- 
UMM in ihc prcttrteiuiul nuikitijT purctu inbred)* at a 
U'm I t>i'!2:T'>. addilioHwd niissii\^ d;if.L ^v:l^ ^h^tu•n for om: 
hybrid (33ti5) with usiige of 50. U)f). or all SSR loci. 
Dt ^jr.vduduri in the pft:(Jvenu:\\ ruiikiiv^ ptirt-nc in-" 

~brc(.U :it u levt;! of 2'3%^dditit)jial^ misscored d;ii:i vmls 
5huvSi'forJ\ybrtd 355(5. When hodi adflftimuljcvcls of 
missing ;ind mi$.scored diiat vvere^imubtcd. dejradution 
in chc ability lo preferenUidly miik iubf^d parents oc- 
curred for all hybrids and'^fdr all sees of SSR (50, 100. 
and 195 loci) except Tor hybrid 34^7 when data from 
195 SSR loci werc'iised. Over all five hybrids, use^of 100 
loci improved robiistnesi frorrf the use of 50 loci;^use 
of 195 loci further improved robii^tness forToiir hybrids 
(M17» 3325. 3905» and 3940). The*<legr«.e- of improve- 
ment utis small, except for hybrid 3905. - 

W'e also ranked inbrcds nccording^co thcir^^obabilit>- 
of unccsirv* of hybrids when both parents ^nd all Inbred 
derivatives and full-sister h^brcd:? of the respective in- 

-bred parents fur each hybrid ^crc excluded from the 
analysU- The results are too voluminotis to present here 
but can be summarized as foUoiv^: Using P =,0,50, a 
grandparent of each respective hybrid ranked into first 
place for 41 {76%) hybrids; probabilities ranged from 
0,4976 to 1.0 and most were above'0.9999. Other cUisses 
of inbreds that ranked in first position Jor probability* 
of ancestry were inbreds derived directly by^pedijrec^ 

" from a grandparent of the respective hybrid (DCPrfor 
13% of hybrids, inbreds deru^ed di reedy by pedi^ee 
from a great-grandpurent of the rejsptrctive hybrid 
(OCCP) for 9% of hybrids, and one class {2% of hy- 
brids) vsith an ir^bred- ranked "into first place that was 
directly related by pedigree to the greai-greaj-gnindpar- 
ent of that hybrid. Inbreds that^ranked in .second posi- 
tion were related to the respective parents of the hybrid 
as follovvs: Thiny-one-(37% of hybrids) were agrandpar- 
cnt of the respecdve hybridC H (20%) were classed as 
D.GP. 7 (13%) were DCCP. I (2^) was class DCGGP» 
and 4 (7%) were a great-grandparent (CCP) of the 
respective hybrid. Over all hybrids^ two of the -four 
gmndp'arenis^'rankec!' into firsL and second positions for 
23 (43% of hybrids); three' gran dpi\rents ranked into 
the firstjhree positions for-5-(9^ of. hybrids). There 
were no instances where^all four grandparentsjanked 
inio^he first four posidons. Thij'C\ hvhrids had a grand- 
parent rtinked into first position i\&'u\^ P,^J).99. The 
nuntber-of grandparents ranked into the u>p"rtve posi- 
tion !i,w;w9:> (compurecl ld 108 ulitfii P = 0.50). The 
nuniher of'gr-andparents raiikini; int(» tlu- u>p two posi- 
tit'ms wtLS.'>3 (coin pared to 71 wiien P - f).30>.::Tlie 

'mean pn)l>:ibiliiy of u grKitulp.irau duit rat^kcd into the 
Knxr ruv p(»^irioi\s was O.l-W:^*,^ iSP =: 0. 1 kvn vi-fidi P ^ 
O.S(r;intl O.Ot)H<l (SO = 0.01t»-U uht ii /* = 0/J^». 



DlS(.:L'S.Sin\' 



Th,r jiiLAakiu iLSe (jf paternity indices den n.nstrute'i 
diaf it !■> a(Kii!UuL?eou.s to have explicit probabilities nl 

\ancc^tiy Uf <li*st(nguiHh among dlUyrtrnt pcdif^rces. Mo- 
let.nUr luarkL-r profile^ art.' Tap idly beC'*iniii!^ nif-K' e^- 
tetisivr \i\\<[ rnst effective to gencrtite. features that uould 
adviuH.e the '►uici-^tical analysis of mxgecuiar marker dura 
to prifjvidc^esplicit probabilities of anC't:,sti;y^includtf the 

^ability tf> culculate^probabiliiies of uncestrv- where Ufec 
_ islui a^/foWlnformatinn as:to"theidendt\'of one Ajisually 
theThaicrnal) parent and robusmessHn the face of labo- 
njiiefr}- error. - - 

Maize inbred lincji^and hybrids pro^-ide a very exacting 
set of materials for c\nlua ting the discrimrnaiory abilides , 
of molecularudaia and statisticahprocedjires that arc 
cniployed to interpret those daa. Hundreds of maize'-*" 
inbred lines of known pedigree- iogetheri^ericomp'asm a 
great diversity' and com plexit}' of pedigree? relationships. 
5omc inbred lines can be ven* highly reUucd andvgeucd- ^ 
cally similar due to their derivation from common p*ar--. . 
enDge including from p^rent^ t)mt are them\elvt:s liigf J.):^ 

* related. Consequently, relation ship^sat^gorics such as 
"sister" or'^parent" when applied to maize inbreds usu- 
ally refer to closer degrees of.pedigree relationship and, 
thus, of germ pi asm .and molecular marker^ profile siml- _ 
Jarity than those of the equivalendy named classes of 
relatiOr>5hip for animal species. I^tost maize hybrids that , 
are widely used in . the^uUniced States today arc con- 
structed from pairs of inbred lincs that are^ unrelated ^ 
by^pedigree, each inbred parent having been bred from 

a scpuraie "pooP of germ plasm. Variotis degrees of rekit- 
^edness"are po-ssibie beiwieen hybrids -according to rChe 
"* pedigree relationships among their constituent inbred 
parents. _ ^ - " ^ 

* Using P = 0.99 in the algorithm is mocc spcctBc for 
idendf>tng parents thai^ using P = 0.50v Howevcj:^^ = 
0.99 is less robust for Jdcncifying other relatives, such - - 
as grandpiircnts. VVlicn the algorithm*;)^- run at f = 
-=*.0.50 there were 6 hybrids, for-'which one pq.renc-did not" ' 
Irank among the top" two most pro^ble genotypes- For 
the remaining 48 hybrids the correct pare^w^werc iden--- 

dfi'ed-even in circumstances where other cai^djdliitc. in- 

- - 

brcds included not onlyJulNsister lines 'bred from re- - 

* laied parents b^t also inbreds even mcice *-iosely r«elated 
To the tTiie parent bvviriu.e of being 'backcross'cpf} ver- 
sions "of the inbred -pai5Gnt of the-hybrid-'For each of .^ 
die 6 hYbrid-s .where a non parent ranked ccbovc a true 

—"parent, ihut higber ranked^bred was always trit^^^"^ 
"sister or progeny of the. outranked true parent. The 
range oF pedigree' relatioiishipii as e>:pre^st^d by tlie 
\ talc CO t coefh<.:iejY£jof related nes.s (\(ALt:coi" UMS) that 
was encoinpa-'isf d by pair-s'-oF true parents and more 
highly ranked' in'hire.d. relatjves cif tile true paren ts vv-iw 
fntni 0.,*^:UtO O.M)>i<'\ .\ coefficient ^>f i^.^L'-V^'J .iirprnxi-* 
mates a rt !aciiiri.slvip, between inbred A atul A' wlitrre 
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iiilM'crl A' iuis iHXMi hrcd lu»m :i cro.^s uJ inht u'tls A atifl 
b wiih I)ci\\vcii iMiL- »uul luu ;uUliiiMiuil hat. kci'u.vHCS '4' 
thv purcnuvl tr\bj't,'<l A. A Mulccot CDerficitiiLorrehiCKjn- 

cween iiibrccU^A anrl a" where four iictdi tin nal buck- 
^ll'i^i'^-*^^ purciuai inbrtrfl A tblUnv the inlci;U crotjs of 
uihredsi A ahd-B. " - . 



U'\»:l-^ 1)1" 



error; Table L'st of dam fitHii lyf) loci 
pM>vi(k-d i^vLAU'i rcHilit-'iuy agi'unU aildltii'.ual levels ol' 
en-or. HtnvcvejMLsx-bf daia from loei u-as tmubie to ' 
piuvidc rcsiliL^Acya-ainst die neijiLiive.- ^riVeeLs uraddiiiij^ 
coinbiiiei'l icvds {at25^i') oKl^oth mlsMngund niisscored 
daiu TTablc^JK Al die :25^ Icvt-l of add I do'iUil poor data 
_ . _ "^tcgrityJubrcds that wertrj^ot related CO the crueparcr 

RtK^ning the al-onthni mP= iVjO in comparisoiiTuj^ of the hybnd outranked di^ true partriu for four of the 
P = 0. 50 raises Che prababilir.- oFanctiQy for the p^ireti w^'fivc hyhrld.s. LtveU of tTiissiniv'<Wi^?cored cUua should - 
.•hjle diminishing ditr probabilities fur the third and thereforeFb^elkept below* 151l>0^d (asstuhllog^a level of 
lou'er rantTing caiidi da cc:,mb red-lines, U'ie of the**aIgo- error hrthe^data analv^^ed priortS^inutlatine 

nthm at P = J.^ajncrei^scd both die pcrcentagc^of-- ^ddidonal error). _ ^^ir-^^ - 

^We have^reviously examincd-"che pedi^ees of in- 



^ <ssr Jiybiids with both fSarer.ts ranged in die first t^vo posi 

" tions (from 89 to 96^)<and the pcrcenage of parental 

^^-r- inbTeds.thai were ranked first and second (from 94^to, 
- . JS7c).^fw hybrids (39l4jind^X09l5A) did 'not have 
^ both pifrents ranked-first and second when-the algo- 

^ L rithm was run at P = 0-99. For both"of these hybrids 



breds that.are ranked into the first civo positions wh<S^ 
dne true pareffts afe.removed'from ch^-lbt of candiaWteu. 
inured lincsr-Usually, direct progeny S^r^^full sisters of 
the true paTe'nts therurank most Highly (d_ata not pre-*^ 
sentedlrWe therefore-ekamined the rankings of mbreds 
thc-nonparcntal mbred that outranked the trtie parent- - \vithrespect to their ranking tind probiibility of inclusion 
pjxi itself a product by pedigree from the true parent in the ancGsttr of each hvbrid after theTeMpval not 

rh.r h..n ....r.ri H... c..... trvie parcntsv^but aiio^oPche prog'eny of the 

' true parents and any fuU-aisccri oflhe crutr parebts.J^ir . 
^these circumstances the grandparents of th^ybrids are. 
ranked^^predominaiKly'lnto top positioiis. l/sing P 
0.50. a grandparent ra[\ked Into first .position for 76% ' 
hybrid:! and into seconci posinon for 57% hybrids; ^v^th^ 
* P= 0.99 a grihdparent ranked into fint place in 56%\^ 
of hybrids. At P ^='0:50 two grandpar&^nts ranked rnto'^^ 



that ha;d^becu created by an additional four backcrosscs 

- of dmt parent; the Malecot cbcfficiei'u of- relationship 
beciveen d:\c parent of die hybrid and^the inSrcd that 
outranked chut parent for these two hybrids \Nra& 0.9b36. 

Robustness wtis tested by e%-aluadng the effects of us- 

- ing data from different numbers of loci and by iimutac- 
ing additional [e\-els of mi^jsing and misscored data up 
to combined levels of 25'?& error beyond thai which was - 

... provided by the laboratory-. From oar experience, errors- 
races of -5 CO 10% can occur in SSR pnofiUng of maize" 
due chiefly co ±c combined effects of residual he lerozi- 
^"go.5ic>' among seed 2o ts ind by deficiencies in the scoring 
of heteroz>gotes in hybrids,** The additional levels of 
simulated error, thereforerinckide values (up to "^35^ 

- total error) that are weiroutside of our experience. For 
live hybrids that were examined^ increasing die number 

~^of loci from 50 to 100 (with no additional missing or 
misscored data) did reduce'^the^number of instancei 
where mhreds rhar were not parent:; of j. hvbrid out- 
ranked the true parent from four to One. Nonetheless,*^ 
all of these more nighly ranked inbrcjrfsr although they 



first andlecond positions for 43?& hybrids anS into die* 
first three pOsid6ns'for an addiuonal ^^"hyl^rids. Most 
of the remainmg^ribceds that ranted into did' top t^vo 
positions werc^progeny of the grandparent. A totaUof 
103- grandparents ranked int6'^the top five positions 
\>^hen P = 0.5p; ^3 ranked into these positions whfcn P^ \ 
0.99. Sevenc>-<>ric grandparents ranked intb the top two 
positions when P = 0.50;" 55 grandparents rank'eUinio 
these posidons when P = 0.99' The mearTprobabiii^- 
of D grandparent in- tlie top two posidons*^M"0.92S8 
[SO 0,1454) when P -^0..50 artd 0.99^0 (SD 0.0104) " 
when P = 0.99- Gur algorithm was y^ttcn -to^idghtify 
|>airs of ancestors; alternative 'algorithms^co ulcTIbe^tai- 



were not themselves the true parents of die respecdve _ lorcd to idendf>vali gnindpar^:nts once pTu-enirhad been 
hybrid, were either direct progeny or full sisters of die idendfied an'd 'removed from die list of candidate in- 
true parent (Table 2), Consequently, if such degrees of_ breds, * - ' 



error can be tolerated in respect of pedigrees for inbreds 
that are identified as parents of hybricts. then SSR data 
from 50 loci of equi\*alent discrimination abiiit>*^are 
sufficient. Use-of data from 50 loci cSio e\-idenced"ro-' 
'^^ bustness in the face of\ip to 10*T additional levels of 
either^missinjj ol^ii^^cored data: no dcgiidaaon in tFTc 
abtlia- toMdendfv a parent U7u> apparent up to the level of 
10^ kidditional t:rr(ir except for 10^. add itional* missing 
iHrfMhisscored alleic^; for one hVbnd (sV>'J5: Table^S). 
Hov^'evei'r use of i(>*> loci inerea^fed the propnriion of 
cnie parents that were con ccclv tdeniihed from ,5-^% 
(for 3l> irjci'j U) 71';^ {ine:iit cttrrect paretics'ijwr all 



^ We have demoa3iratccl-che?;ap<ibilify*and robuJtncss 
of an algori^m-thai can^'be used lo show probabiTil>- of 
'^paren^agej.n circumstances Whcre^the a /jnfTcLpediifrce- 
identi> of neither parcnris known, Exclusionsitrc^tnken 

^ into account, theretDTv jUlowing parentage ^fee-shown 

\whcnjhe*jav^-par?iits^are'noc represcntechm-jhe ' 

'-^^.databasc of moleculai- profileVduitare e.vamined. Het-' 
ero/ygOu^i ^ndidatc pUrenLV can be accofnmodated.' 
The number of loci^tharis'necessan- (o prf>vk.lciTrvl]abtev-^^ 
basis of determintir^'^^ pedis^rrc is dependent upnVu ihe, 
degree of retatedne-^^ amonv: pureiu.^^ and'uonparenrs ^ 
and r.i|j()n the fli>cr[iriiriatiiivahi|itv ot the- marker sv- tern 
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In [lu; sprcie-i iiitt rr^tt. L'^iii^^ /* - 0.*>V> c<»nipurccl to 
n.;'o picfcicmialK kkiuiflcd nuMc uuc piucms iuul 
^vuh Li grciucr clitttrrcncr of pi'ob;ibi]it%- to ihird placed 
notipiiiX'nLs. U LhcTL* is rciL^ionuhk- dssui-iUKc that the 
purenLs are amonj; the candicUxct: list oF inbrt:d:i. then 
H = 0:}^J should be used; if grcatt-f robii3tiic:i.s is rc- 
qui t:£rd.vthcn P. = 0,50 should be tLitd. ~^ , 

Applieaxibhi of our algorithm include 'thc identifica- 
don tffi^dijrces amoiig individualsjirplunror anTmal 
jpecics whece molecular profile^diiEasecs exist that can 
be interpreted in terms of segregating -alleles at individ- 
ual markejloci and thaTprovide a sufficient po^v-er of 
discnini nation. Capabilities to gencrate^Iarje da wise w 
of sOitable molecular profile data arc already 3\-ail*ble^ 
and are increasing rapidly with the advent ofsingle' 
nucleotide polymoqphiOTs. One further application of 
our algorithm is to assist in the protection'of intellectual 
property that is obtained on pIant^vanetiC5"l)r upon 
"specific dams or sires of animals through iKe determina- 
tion of pedigrees. ' -Z ^ - 
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'Essentially uenvca vanciy i i 

V * : " ^ 

What IS an "Essentially Derived Variety"? 

The concept of essentially derived variety was introduced into the 1991 Act of the UPOV 
^ _ Convention in order to avoid plagiarism through mutation, multiple back-crossing-and to 

'"'I - fill the gap between Pl^at3re_e_der|5 Rights and patents, gap-which was becoming 

important due to the development of the use^of patenteitserietic traits In genetic; 
^^^^ . engineering. -^•=^ " 

^'^ ^ ^ An ^sentialiy derived variety is a variety which is distinct and predominanfly derived 

' ' * from a prqtected Initial-^riety, while retaining the es'sentiaUcharacteristics of that-iniliaU 

- - variety, ' ^ - _ r " ^ 



"as indicated ^s-an example in the UPOV Convention, essentially derived varietii5,may 
be obtained by the selection of a natural or induced mutant, or of a somaclonai variant, 
ifie selection of a variant individual from plants of the Initial variety, back-crossing, or-"- 
transform a tton by genetic engineering. - « ^. ^ 

The commercialization of an essentially derived^fariety needs the atithorization of the 
owner of the rights vested incthe initial variety. 

The concept of essentially derived variety does not at alt abolish theBreeder's " 
Exemption, as 'free access^to protected plant varieties for-breeding purposes is 
maintained'. It is not a threat to biodiversity. On the contrary, it favors biodiversity^ 
encouraging breeders developing and marketing original varieties. -t- 
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UFOV PQblxcatioD No. 644(E), Section 1 



lian?2HNATtOHAX# ;CONVENMON 1^^"^ 
FOR THE ^ ^ 
PROTECTION OP'NEM VARIETIES OP Pl^VUTs" " " 



of December 2, 1961# as revised ^ 
_ Geneva on-Hovember 10, 1^72/ 

^ on October 23 ^ 1973, and 

on Harcb 19 r 1991 " 



adopted by the Diplomatic Conference 
-on Jlarch 19, 1991 

.reproduced ffroa^UPOV Publicafcicn Ko, 438(E) 
i93ue NO*. 63 of *'Fiant Variety Protection" 

• 1491 Act of the Convention " 
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; • feca^imitloii of tag 

test,, c«„„ th, growing of the v««l,ty oc the caVr^iM^af »# «>«cMB«ry , 

t..t-. Of fk* into account th.- tes„u/orgcowi^ teltlo, n^.^^^^^^^ 

have already been carried o»» wrZ It' growing ceats or otber trlala Hhich 

■uiterlaa. necesaarj^ inforaatlofl, document or 



^^"^ gjCQVifliianal Protect Irtn - ' • 

^fh Contr^qting Ptrty sball provide' wasureB de^lca^d to Mfe™ra f>,« 
^lntftreit«"bC the breeder *d«ylng the period between irvTT "feguar^g^ th« , 



tJic.pro- 



THR aXGHTS Of THE BasSDKR 

Article -14 
gcQpa of the Breeder* a Right 

(i) 
(11) 

<Ui> 
iiv) 
<v) 
(vl) 



production or^reproduction (nultipilcatlon) , 
conditioning for tb« purpose of propagation, 
o£jCering for salv, 
aelling or oth^r marketing^ - * 
exporting, ^ , 

«toc!firtg for any o£ the purposes mentioned Xn ii) to' <vi)/«bbve; 



(h) The ijrwder^nay iuik» hi« nuthoriant.ion aubject 



to 'conditions and 



llmitatlo^a; 

(2) t Acts ^in " reapect of 
md tha vacto refarrsd 

r -t^Si'^f tVUt"!-:^ 

▼ariatj ahall r^lra th^ ftutborlzatioa of Ehe br^ar. tmiaas tft* Hi-^La^^ hW* 

had.^r^aonable opportuni^ to axer^iJ* bl« rlg^ in ^"tio^tS'^?he 

propagating nat^ijlal^ „ ^ "lation to the aaid 



the harvested .material l * Subjeet to ArticXea-^lS 
to in items (i) to <vll-) of paragraph ilU^T In 



1991 Act Of the Convention 



-Page 7 



Received from < 515 334 6883 > at 2/28103 11 :32:22 AM [Eastern Standard Time] . 



> 02/28/03 FRI 11:52 FAX 515 334 6883 PIONEER HI-BRED DSM ' @068 



•or 



of Paragraph (l,ca, In, r..pect ef Ptoduc" l^^^Y,*!'*^ ^^i^^ f^i (-H) 
rial 8f tae prot.qted wietjv failing wlthirtt-' ™ Jwrveated tete- 

- Jeat tc^Article» .l5 and ac a TtSriStte" r/f er.T/'T^f '"^''^^'M^."^ 

- ^ra.; gsi;^g ,yz^- c-r ...Vovi..o..;. ^ 

vari#tlea-whii5i.-ore MSentlftUy derived *h - 

tbe _.rotectid ,„l«y Is aot U..r/;rX?ri;Srf;eK.Vij'^^^ 
(11) varlttlM *hich are^ not clftArlv-^fli«i^« Jr ^irivea variety^ <^ _ 

Article 7 i|„«^th« protccFed v«!ety ^ '' ^l«ti„gul.^h.ble Jn accord.nc* .1th ; 

Clil) varieties whoee^produetion remilrPi i-h-.^ ^- ' — • 

variety, « *^ ■ ^^^^'i!^ ^^P^**=ed ua^ cf^ the^protected 

- — - ^^^^^^^^^ , - " 

Cii) It I. clearly dl8tlngui«h,bi« t^. i„iti«i var'l«y and " ' - 
Ul*) except £or th« differences which re.uit fr™™ i-h / I " ' . 

fontocms to the initial vari.tv i. hh- . - derivation, it 

tl« that result Vro«tbT«notiL it c'^'i""" «««tl-i .^rharacfris- " 

v«rl«ty. . - fl^-otype or ciwblMtlan of g,notyp«fi ofi the Initial. 

to E«eentia«y derived vorietl.B My be oht*l.,o^'#« , 

tlon of a natural ar induced .utaat, " of; a^^iff 

Of ai variant Individual frow pWs of th- • f!? varUat, the aalectlon -1- _„ 

tran«for-3tion by ge«.tic e^lS^J^a."* ''^ J««k«oaal«9, or 



Article IS 
fcgeepfeift»« to the B reeder *« Birj hf- 



U> CCo ppaLory cxcepblon. r O^he breed.r^, .igh; .hall not exfna to * 
(J «ct« don« privately f„ 

U»> actfl.doae foe eiperia«ntal purpoaea ana ' 
- (Ill) acts dona' f or« the purpoae of brA0riifi^ ^..w * , . ^^^^ 
-hate the pro^UionacoTjUrtlole 14(5, fpiy'^i^^ va.letiaa, and, except 

to (♦) in respect of .uch other variltt^^' Z . " "^""^^ 



' - (Optional aacceptlnnl BotwithatapdlM Artlc^il t/ ' - ' ' ~ ».=>ip 

■ay, within reaaonable iilt* and «xbUct tJ^lJ^.7 Contracting Patty . , .. "^^ 

«»f the bre*Je*^.*.atrl^ the L^H^^^^TV'^f l*?ltl«ate: - * . _ 

^ . - "91' Act Off the Convention . " - - 
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